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FOREWORD 


This Service Manual provides information for the correct servicing and overhaul of the Ford TW Series 
and 30 Series 6-cylinder agricultural tractors and is an essential publication for all service personnel 
carrying out repairs or maintenance on these tractors. We recommend that this manual be available for 
reference at all times. 


The Service Manual consists of thirteen Parts contained in six volumes. A Table of Contents is included 
in each volume which lists all thirteen Parts and the volume where each can be found. 


All Parts are subdivided into Chapters which convey information on general operating principles, 
detailed inspection and overhaul procedures and, where applicable, specifics on troubleshooting, 
special tools and specifications. Any reference in this manual to right, left, rear, front, top or bottom is as 
viewed from the operator’s seat. 


The information contained herein was correct at the time of going to print but Ford New Holland, Inc. 
policy is one of continuous improvement and the right to change prices, specifications, equipment or 
design at any time without notice is reserved. All data in this manual is subject to production variations, 
and the illustrations do not necessarily depict tractors to standard build specifications. 
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PRODUCTION DATE CODES 
AND SERIAL NUMBERS 


New Ford Series TW Tractors have a series identification plate located under the radiator filler 
access cover. Whenever effecting repair or overhaul the relevant series information should be 
noted and used when referring to Service Bulletins and/or the Parts Catalogue. 


TRACTOR SERIES IDENTIFICATION PLATE 


TRACTOR NUMBER 


ENGINE 


TRANSMISSION REAR AXLE 


HYD LIFT 


This plate is stamped with the following information: 


e TRACTOR NUMBER — Serial number e TRANSMISSION — _ Transmission 
prefixed by the letter ‘A’ or ‘C’. production date code. 
e MODEL — Production model code. SE aes snoa one. proauenon 
date code. 


e UNIT — Production unit date code. : eA a pump pro- 


e HYD. LIFT — Hydraulic power lift 


¢ ENGINE — Serial number and engine 
production date code. 


production date code. 
KEY TO PRODUCTION DATE CODES 


First Number First Letter Second Number Second Letter 
YEAR MONTH DAY OF MONTH PRODUCTION SHIFT 


01/28/29/30/31 A— Midnight 
B— Day 


C— Afternoon 


Example of Production Unit Date Code 3 L 0 3 B 


Year of Final Month of Year Day of Month Shift Period 
Assembly (1983) (November) (Third) (Day) 
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FUEL INJECTION PUMP 
DATE CODES 


The fuel injection pumps carry an identification plate with the pump type number, serial number 
and manufacturer’s production date code. The date code can be identified by reference to the 
following chart. 


January 
February 
March 
April 


May 

June 

July 
August 
September 
October 
November 
December 


<rAnA~AcecrtronmnmMoowep 


Example of Fuel Injection Pump Identification Plate 


3342 F 7 7 0 


R22564CQ48A 


Pump Type Manufacturer's Month of Year Year 
Number Serial Number (March) (1983) 


(v) 


A SAFETY PRECAUTIONS 


Practically all Service work involves the need to drive the tractor. The Operators Manual, supplied with each 
tractor, contains detailed safety precautions relating to Driving, Operating and Servicing that tractor. These 
precautions are as applicable to the service technician as they are to the operator, and should be read, 
understood and practised by all personnel. 


Prior to undertaking any maintenance, repair, overhaul, dismantling or re-assembly operations, whether 
within a workshop facility or out ‘in the field’’, consideration should be given to factors that may have an 
effect upon Safety. Not only upon the mechanic carrying out the work, but also upon bystanders. 


PERSONAL CONSIDERATIONS 


The wrong clothes or carelessness in dress can cause accidents. Check to see that you are suitably 
clothed. 


Some jobs require special protective equipment. 


Eye Protection 
The smallest eye injury may cause loss of vision. Injury can be avoided by wearing eye protection when 
engaged in chiselling, grinding, discing, welding, painting, etc. 


Breathing Protection 
Fumes, dust and paint spray are unpleasant and harmful. These can be avoided by wearing respiratory 
protection. 


Hearing Protection 
Loud noise may damage your hearing and the greater the exposure the worse the damage. If you feel the 
noise excessive wear ear protection. 


Hand Protection 

It is advisable to use a protective cream before work to prevent irritation and skin contamination. After 
work clean your hands with soap and water. Solvents such as white spirit, paraffin, etc., may harm the 
skin. 


Foot Protection 
Substantial or protective footwear with reinforced toe-caps will protect your feet from falling objects. 
Additionally, oil-resistant soles will help to avoid slipping. 


Special Clothing 
For certain work it may be necessary to wear flame- or acid- resistant clothing. 


Avoid injury through incorrect handling of components. Make sure you are capable of lifting the object. If 
in doubt get help. 


EQUIPMENT CONSIDERATIONS 


Machine Guards 

Before using any machine, check to ensure that the machine guards are in position and serviceable. 
These guards not only prevent parts of the body or clothing coming in contact with the moving parts of 
the machine, but also ward off objects that might fly off the machine and cause injury. 


Lifting Appliances 
Always ensure that lifting equipment, such as chains, slings, lifting brackets, hooks and eyes are 
thoroughly checked before use. If in doubt, select stronger equipment than is necessary. 


Never stand under a suspended load or raised implement. 


Compressed Air 
The pressure from a compressed air line is often as high as 100 Ibf/in? (6.9 bar) (7 kgf/cm). It is perfectly 
safe if used correctly. Any misuse may cause injury. 


Never use compressed air to blow dust, swarf, dirt, etc., away from your work area unless the correct 
type of nozzle is fitted. 


Compressed air is not a cleaning agent, it will only move dust, etc., from one place to another. Look 
around before using an air hose as bystanders may get grit into their eyes, ears or skin. 


(vi) 


e Hand Tools 
Many cuts, abrasions and injuries are caused by defective or improvised tools. Never use the wrong tool 
for the job, as this generally leads either to some injury, or to a poor job. 


Never use 


— Ahammer with a loose head or split handle. 
— Spanners or wrenches with splayed or worn jaws. 
— Spanners or files as hammers; or drills, clevis pins or bolts as punches. 


For removing or replacing hardened pins use a copper or brass drift rather than a hammer. 


For dismantling, overhaul and re-assembly of major and sub components, always use the Special Service 
Tools recommended. 


These will reduce the work effort, labour time and the repair cost. 
Always keep tools clean and in good working order. 


e Electricity 
Electricity has become so familiar in day to day usage, that it’s potentially dangerous properties are often 
overlooked. Misuse of electrical equipment can endanger life. 


Before using any electrical equipment — particularly portable appliances — make a visual check to 
ensure that the cable is not worn or frayed and that the plugs, sockets, etc., are intact. Make sure you 
know where the nearest isolating switch for your equipment is located. 


GENERAL CONSIDERATIONS 


e Solvents 
Use only cleaning fluids and solvents that are known to be safe. Certain types of fluids can cause damage 
to components such as seals, etc., and can cause skin irritation. Solvents should be checked that they are 
suitable not only for the cleaning of components and individual parts, but also that they do not affect the 
personal safety of the user. 


e Housekeeping 
Many injuries result from tripping or slipping over, or on, objects or material left lying around by a careless 
worker. Prevent these accidents from occurring. If you notice a hazard, don’t ignore it — remove it. 


A clean, hazard-free place of work improves the surroundings and daily environment for everybody. 


e Fire 
Fire has no respect for persons or property. The destruction that a fire can cause is not always fully 
realised. Everyone must be constantly on guard. 


— Extinguish matches/cigars/cigarettes, etc., before throwing them away. 

— Work cleanly, disposing of waste material into proper containers. 

— Locate the fire extinguishers and find out how to operate them. 

— Donot panic — warn those near and raise the alarm. 

— Donotallow or use an open flame near the tractor fuel tank, battery or component parts. 


e First Aid 
In the type of work that mechanics are engaged in, dirt, grease, fine dusts, etc., all settle upon the skin 
and clothing. If a cut, abrasion or burn is disregarded it may be found that a septic condition has formed 
within a short time. What appears at first to be trivial could become painful and injurious. It only takes a 
few minutes to have a fresh cut dressed, but it will take longer if you neglect it. Make sure you know 
where the First Aid box is located. 


e Cleanliness 
Cleanliness of the tractor hydraulic system is essential for optimum performance. When carrying out 
service and repairs plug all hose ends and component connections to prevent dirt entry. 


Clean the exterior of all components before carrying out any form of repair. Dirt and abrasive dust can 


reduce the efficiency and working life of a component and lead to costly replacement. Use of a high 
pressure washer or steam cleaner is recommended. 
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OPERATIONAL CONSIDERATIONS 


Stop the engine, if at all possible, before performing any service. 


Place a warning sign on tractors which, due to service or overhaul, would be dangerous to start. 
Disconnect the battery leads if leaving such a unit unattended. 


Do not attempt to start the engine while standing beside the tractor or attempt to by-pass the safety start 
switch. 


Avoid prolonged running of the engine in a closed building or in an area with inadequate ventilation as 
exhaust fumes are highly toxic. 


Always turn the radiator cap to the first stop, to allow pressure in the system to dissipate when the 
coolant is hot. 


Never work beneath a tractor which is on soft ground. Always take the unit to an area which has a hard 
working surface — concrete for preference. 


If it is found necessary to raise the tractor for ease of servicing or repair, ensure that safe and stable 
supports are installed, beneath axle housings, casings, etc., before commencing work. 


Certain repair or overhaul procedures may necessitate ‘‘separating the tractor’’, either at the 
engine/front transmission or front transmission/rear transmission connections. These operations are 
simplified by the use of the Tractor Splitting Kit/Stands. Should this equipment not be available, then 
every consideration must be given to stability, balance and weight of the components, especially if a cab 
is installed. 


Use footsteps or working platforms when servicing those areas of a tractor that are not within easy reach. 


Before loosening any hoses or tubes connecting implements to remote control valves, etc., switch off 
the engine, remove all residual pressure in the lines by moving operating levers several times. This will 
remove the danger of personal injury by oil spurt. 


Prior to pressure testing, ensure all hoses and connectors, not only of the tractor, but also those of the 
test equipment, are in good condition and tightly secured. Pressure readings must be taken with the 
gauges specified. The correct procedure should be rigidly observed to prevent damage to the system or 
the equipment, and to eliminate the possibility of personal injury. 


When equipment or implements are required to be attached to the hydraulic linkage, either for testing 
purposes or for transportation, then ‘‘position control’’ should be engaged. 


Always lower equipment to the ground when leaving the tractor. 


If high lift attachments are fitted to a tractor beware of overhead power, electric or telephone cables 
when travelling. Drop attachment near to ground level to increase stability and minimise risks. 


Do not park or attempt to service a tractor on an incline. If unavoidable, take extra care and block all 
wheels. 


Observe recommended precautions as indicated in this Repair Manual Part 13 when dismantling the air 
conditioning system as escaping refrigerant can cause frostbite. 


Prior to removing wheels and tyres from a tractor, check to determine whether additional ballast (liquid or 
weights) has been added. Seek assistance and use suitable equipment to support the weight of the wheel 
assembly. 


When inflating tyres beware of over inflation — constantly check the pressure. Over inflation can cause 
tyre burst and result in personal injury. 


Safety precautions are very seldom the figment of someone's imagination. They are the result of sad 
experience, where most likely someone has paid dearly through personal injury. 


Heed these precautions and you will protect yourself accordingly. Disregard them and you may duplicate the 
sad experience of others. 


Safety is everybody’s responsibility. 


(viii) 


PART 1 
ENGINE SYSTEMS 


Chapter 1 
ENGINE AND LUBRICATION SYSTEM 
Section Page 

A. DESCRIPTION AND OPERATION 1 
B. CYLINDER HEAD, VALVES AND RELATED PARTS 4 
C. ENGINE FRONT COVER AND TIMING GEARS 20 
D. OIL PAN AND OIL PUMP 26 
E. CONNECTING RODS, BEARINGS, PISTONS, RINGS, 

CYLINDER BLOCK AND SLEEVES 32 
F. MAIN BEARINGS, FLYWHEEL AND CRANKSHAFT 46 

CAMSHAFT 53 
H. ENGINE COMPRESSION TEST 55 


A. DESCRIPTION AND OPERATION 


This chapter describes the overhaul and repair 
of the six cylinder, direct injection diesel 
engines of the Ford TW-5, TW-15, TW-25 and 
TW-35 series tractors. 


All the engines are of similar design and many 
service procedures are common throughout 
the range. Each engine has a bore and stroke of 
4.4 in (111.8 mm) which generates a 
displacement of 401 cu in (6580 cc). Increased 
power levels of the various models from the 
base engine are achieved by tailored fuel 
systems and the addition of a turbocharger ora 
turbocharger and intercooler combination. 


CYLINDER HEAD ASSEMBLY — 
INCLUDING VALVE TRAIN 
COMPONENTS 


The cylinder head assembly incorporates the 
valves, valve springs and rotators. The valve 
rocker arm shaft assembly is bolted to the 
cylinder block, through the head. The intake 
and exhaust manifolds are bolted to the head, 
the intake manifold being on the right side of 
the engine, and the exhaust manifold on the 
left. 
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The valve guides are an integral part of the 
cylinder head, and valves with oversize stems 
are available for service. Replaceable cast alloy 
valve seats are pressed into each valve port of 
the cylinder head. The alloyed steel exhaust 
valves are fitted with positive valve rotators. 
Intake valves use umbrella-type seals while the 
exhaust valves use a square section O-ring. 
The push rods are high tensile strength steel 
with oil-cushioned sockets, and locate inside 
the tappet. The tappets are cast cylindrical, 
chill-hardened iron. Valve lash is maintained by 
self-locking adjusting screws. 


The camshaft is supported by five replaceable 
bearings, and is driven by the camshaft drive 
gear. Camshaft thrust is controlled by a plate 
secured to the block and located between the 
camshaft gear and the front journal of the 
camshaft. 


The face of the cylinder head is flat and uses six 
evenly spaced headbolts per cylinder. The fuel 
injectors are mounted outside the rocker cover 
and the combustion chamber is in the head of 
the piston. 


MANIFOLDS 


The aluminium alloy intake and two part cast 
iron exhaust manifolds are on opposing sides 
of the cylinder head providing better heat 
distribution in the head with less heat being 
transferred to the intake manifold. Tractors are 
equipped with an exhaust expansion manifold 
and a vertical exhaust system. The intake 
manifold has a tapped hole for installation of a 
thermostart cold starting device. Another 
tapped hole is provided for the air cleaner 
restriction gauge. 


CYLINDER BLOCK ASSEMBLY 


The cylinder block is alloy cast iron with heavy 
webbing and deep cylinder skirts. The block 
features full length water jackets for cooling 
the cylinders. Cylinder arrangement is vertical 
in-line with the cylinders numbered from 1 to 6, 
starting at the front of the block, and the firing 
order is 1-5-3-6-2-4, 


The oil pan sump is heavy cast iron, the oil filler 
tube and the dipstick are both located on the 
right side of the engine. 


The oil pan is attached to the bottom of the 
cylinder block and is the sump for the 
lubrication system. The engine front cover is 
attached to the front engine adaptor plate 
forming a cover for the timing gears. 


The crankshaft gear is keyed and press fitted 
on the front of the crankshaft. The crankshaft 
gear drives the camshaft drive gear which is 
attached to the front of the cylinder block. The 
camshaft drive gear drives the camshaft gear 
and the injection pump drive gear. 


The camshaft gear is attached to the front of 
the camshaft by a bolt, lock washer, a flat 
washer and a spacer. The gear is keyed to the 
camshaft to maintain the position of the gear 
and drive the shaft. 


All the timing gears can be checked by 
observing the timing punch marks on the 
gears. The crankshaft is supported in the 
cylinder block by seven main bearings. The 
fifth bearing from the rear is a flanged thrust 
bearing which controls crankshaft end play. 
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A slinger is machined on the rear of the 
crankshaft to direct oil away from the rear seal. 
The rear seal is of the circular lip-type and fits 
into a pocket machined into the cylinder block 
and rear main bearing cap. The cap also has 
two composition side seals. There is a rear 
plate gasket to assist in sealing the rear 
bearing. 


The engine pistons have a continuous skirt 
around the entire piston. Each piston has three 
compression rings and one oil control ring, the 
top compression ring is a keystone ring. 


The piston is connected to the crankshaft by a 
heavy I-beam connecting rod. The crankshaft 
end of the connecting rod has an insert-type 
bearing. The piston end of the connecting rod 
has a replaceable bronze bushing. The piston 
pin is a free-floating steel pin held in place in the 
piston by two snap-rings (circlips). 


LUBRICATION SYSTEM 


A gear rotor-type oil pump, driven from the 
crankshaft through an idler gear, is mounted 
on the front cover plate. It takes oil from the 
deepest part of the oil pan through a filter 
screen and pumps the oil into the lubrication 
system. A spring-loaded relief valve in the 
pump body limits the maximum pressure in the 
system by directing excess oil back to the 
intake side of the pump. 


Oil flows from the pump to a replaceable 
cartridge external filter. A relief valve in the 
filter permits oil to bypass a clogged filter, 
thereby maintaining oil flow to the engine at all 
times. 


Oil flows from the filter to the main oil gallery, 
which runs the length of the cylinder block and 
intersects the tappet chambers. The main oll 
gallery also supplies oil to all the crankshaft 
main bearings and to the connecting rod 
journals by way of the crankshaft. Camshaft 
bearings receive oil by means of drilled 
passages from the main bearings. 


The camshaft drive gear bushing is pressure- 
lubricated through a drilled passage from the 
front main bearing and has spiral grooves to 
direct oil towards the outside of the gear. The 
gear has small oil passages machined on both 
sides which allows the oil to exhaust. The 
timing gears are splash-lubricated from the 
pressure-lubricated camshaft drive gear and 
the fuel injection pump overflow. 


Cylinder walls and pistons are splash- 
lubricated by the crankshaft on the TW-5. 
Pistons are splash-lubricated on the TW-5; 
pressure-lubricated on the TW-15, TW-25 and 
TW-35 tractors. An intermittent flow of oil is 
fed to the valve rocker arm shaft assembly 
through a drilled passage in the cylinder block 
at the No. 1 camshaft bearing which indexes 
with a hole in the cylinder head. From the head, 
the oil flows up around the No. 1 rocker arm 
support bolt to the rocker shaft. The oil from 
the shaft flows through drilled holes in each 
rocker arm to lubricate the valve end and the 
adjusting screw end of the rocker arm. Oil from 
the ball ends of the rocker arms flows down the 
push rods and assists in lubricating the tappets 
and push rods. Excess oil drains into the push 
rod chamber through the push rod holes in the 
cylinder head and then back to the oil pan 
sump through cored openings in the block. 


The fuel injection pump is also lubricated by 
pressurised oil supplied through the _ idler 
bearing. 


The TW-35 tractor has a heat exchange 
manifold mounted on the left hand side of the 
engine block. Engine oil is water cooled as it is 
pumped through the heat exchange manifold. 
TW-5, TW-15 and TW-25 tractors have 
conventional bypass oil coolers incorporated 
in the radiator assembly. All models have two 
spin-on oil filters attached to the manifold 
which maintain the cleanliness of the engine 
oil. 
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B. CYLINDER HEAD, VALVES AND RELATED PARTS 


The cylinder head can be removed from the 
engine for service with the engine installed in 
the tractor. 


REMOVAL TW-5 


1. 


Remove the pre-cleaner and fuel tank cap. 


Unbolt the muffler pipe from the exhaust 
manifold and remove the muffler, muffler 
support bracket and muffler pipe from the 
tractor. 


Remove the two side panels, three radiator 
grille panels and hood panel, Figure 1. 


Figure 1 
Sheet Metal: TW-5 and TW-15 
1. Hood Panel 4. Front Grille 
2. Side Panel 5. Pre-cleaner 
3. Side Panel 6. Fuel Cap 


4. Remove the air intake pipe at the intake 


manifold to the radiator bracket flange and 
remove from the tractor. 


TW-15 
With reference to Figures 5 and 6. 


. Remove the pre-cleaner and the fuel tank 


cap. Remove the muffler. 


. Remove the two side panels, three radiator 


grille panels and hood panel, Figure 1. 


. Unbolt and remove the muffler-to-turbo- 


charger tube and remove the heatshield. 


. Remove the air intake pipe from the turbo- 


charger to the radiator support. Remove 
the intake manifold hose, Figure 3. 


. Remove the turbocharger oil lines and the 


four bolts attaching the turbocharger to 


the exhaust manifold. Remove two turbo- 


charger oil cooler bracket bolts. Withdraw 
the turbocharger and plug all openings to 
prevent the entry of dirt. 
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Figure 2 


Access to Engine (TW-15) 

1. Air Intake Tube 8. Hydraulic Oil Cooler 
2. Turbocharger Lubrication Tubes 9. Fuel Tank Bracket Bolts 
3. Engine Oil Filter 10. Air Cleaner Clamp 
4. Exaust Manifold 11. Flange Bolts 
5. Turbocharger to Muffler Tube 12. Muffler Support Bracket 
6. Breather Tube 13. Main Fuel Tank 
7. Thermostat Housing 

6. Shut off the fuel at the main fuel tank. TW-25 


7. Disconnect the wiring harness at the With reference to Figures 5 and 6. 
alternator and air intake sensor. Remove 
the harness from the fuel tank bracket. 1. Remove the pre-cleaner and fuel tank cap. 


8. Remove the eight bolts that attach the 
main fuel tank support brackets to the 9 


Remove the muffler clamp and withdraw 
tractor. 


the muffler. 


9. Using a sling, remove the fuel tank and 
brackets from the tractor, Figure 4. 
3. Remove the two side panels, grille and 
10. Remove the fan brace. hood panel. 
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Figure 3 
Access to Engine (TW-15) 
. Fuel Shut-Off Cable 
. Fuel Shut-Off Valve 
. Intake Manifold Hose 
. Intake Manifold 
. Support Bracket 


Fuel Tank Support Bolts 
Oil Filler Cap 

Fuel Line 

Engine Oil Dipstick 
Throttle Cable 


Sey 


4. Unscrew the four air-cleaner mounting 
bolts and disconnect the aspirator hose 
and air cleaner to turbocharger tube. 
Withdraw the air-cleaner. 


5. Remove the turbocharger exhaust hose 
clamp and air intake clamp. Disconnect the 
two turbocharger oil tubes and remove the 
turbocharger assembly. 


TW-35 
With reference to Figures 5 and 6. 


1. Remove the pre-cleaner and fuel tank cap. 


2. Remove the muffler clamp and withdraw 
the muffler. 


Oo OOnN OD 


. Remove the two side panels, grille and 


hood panel. 


. Unscrew the four air-cleaner mounting 


bolts and disconnect the aspirator hose 
and air cleaner to turbocharger tube. With- 
draw the air-cleaner. 


. Remove the turbocharger grille support 


and the air-cleaner to turbocharger tube 
and hose, Figure 7. 


. Disconnect and remove the intercooler to 


turbocharger tube and the aspirator hose. 


CHAPTER 1 


Figure 4 Figure 5 
Access to Cylinder Head Sheet Metal: TW-25 and TW-35 
1. Valve Cover 3. Fuel Shut-Off Valve 1. Pre-Cleaner 4. Hood Panel 
2. Intake Manifold Air Inlet 4. Main Fuel Tank 2. Side Panels 5. Fuel Tank Cap 


3. Grille 


Be. 


nen 


Figure 6 
Access to Engine (TW-35) 


1. Grille Support (Intercooler) 6. Turbocharger Exhaust Tube 11. Hood Panel 

2. Intercooler-to-Turbocharger Tube 7. Radiator 12. Air Cleaner 

3. Turbocharger 8. Front Weights 13. Air Cleaner-to-Intercooler Tube 
4. Oil Cooler 9. Fuel Tank 14. Pre-Cleaner 

5. Engine Oil Filter 10. Side Panel Rail 


7 
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10. 


11. 


Figure 7 
Turbocharger and Intercooler 


Air Cleaner-to- Turbocharger Tube 

Air Cleaner-to- Turbocharger Tubes and Clamps 
Exhaust Clamp and Tube 

Aspirator Tube 

Intercooler 


. Unscrew the eight retaining bolts and 
withdraw the intercooler assembly. 


. Remove the clamps from the air intake and 


exhaust hose. Disconnect and remove the 
two turbocharger oil tubes. 


. Unscrew the six retaining bolts and with- 


draw the turbocharger assembly. 


Remove the intercooler support bracket at 
the rear of the engine, Figure 8. 


Remove the support bracket, fan and 
alternator bracket, and water pump as 
required, Figure 9. 


. Unscrew the fourteen 


Figure 8 
Engine Access 
. Intercooler Support Bracket 


ALL TRACTORS 


1. Unscrew the twelve exhaust manifold 


bolts, and remove the exhaust manifold 
and gasket. 


. Remove the thermostart unit and the fuel 


delivery lines. Plug the fuel line, injector 
and fuel pump openings to prevent the 
entry of dirt. 


intake manifold 
bolts, and remove the intake manifold and 
gasket. 


. Remove the breather tube from the rocker 


cover. 


. Drain the engine coolant. 


. Remove the fuel filters and lines from the 


engine. Plug all openings to prevent the 
entry of dirt. 
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Figure 9 Figure 10 
Engine Access Top View of Engine 
1. Bracket 1. Exhaust Manifold 
2. Water Pump 2. Lock Tab 
3. Fan and Alternator Bracket 3. Head/Rocker Arm Bolt 
4. Head Bolt 
5. Intake Manifold 


7. Remove the rocker arm cover and gasket. 11. Remove the valve push rods from their 
holes in the cylinder head and arrange 
them in a rack in the order in which they 
were removed. It is important that the rods 
are installed in the same bores during 
reassembly. 


8. Remove the injector leak-off line at No. 6 
cylinder. 


9. Unscrew the two nuts from each injector, 
and remove the injectors. If the injectors 
cannot be withdrawn by hand it may be 12 
necessary to pry them out. Keep the area 
clean to avoid fouling the injectors with 
dirt. 


. Loosen and remove the cylinder head 
retaining bolts evenly, working from the 
ends to the centre of the head, and 
carefully lift the cylinder head from the 
block. 


10. Visually check the push rods _ for 
straightness by rotating them with the 
valve closed. Loosen the rocker arm shaft 
bolts evenly and remove the assembly from 


the tractor, Figure 10. 
DISASSEMBLY 


NOTE: Do not remove the rocker arm shaft 1. Before removing the valves from the 
retaining bolts unless it is necessary to cylinder head, clean all carbon deposits 
disassemble the rocker arm shaft. from the valve heads. 
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Figure 11 Figure 12 
Removing Valves Intake Valve Assembly 
1. Valve Spring Compressor 1. Intake Valve 
2. Valve Spring 2. Spring 
3. Retainer Locks 3. Seal (TW-5 only) 
4. Retainer 
5. Retainer Locks 


2. Position the valve spring compressor over 2. Remove all dirt, grit and grease from the 
the valve and spring, and compress the cylinder head with a cleaning solvent. 
spring, Figure 11. 


Intake Valves: Remove the retainer locks, | 
spring retainer, spring, and valve stem 
ms 


seal, Figure 12. 


Exhaust Valves: Remove the retainer igo A 
locks, the seal from its groove, and the 
valve rotator and spring, Figure 13. 


3. Lift the valves from the cylinder head and 
place them in a numbered rack so they can 
be reinstalled in their respective guides. 
Keep the exhaust valve rotators with the 
valves from which they were removed. 


CLEANING Figure 13 
Exhaust Valve Assembly 


1. Exhaust Val 
1. With the valves removed clean the valve 2. Waleieenna? 4. Seal 


guide bores. 3. Rotator 5. Retainer Locks 
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Figure 14 
Measuring Cylinder Head Flatness 


1. Straight Edge 
2. Feeler Gauge 


INSPECTION AND REPAIR 


Inspect the cylinder head for cracks, nicks 
or burrs. Install a new head if necessary. 
Remove all burrs or nicks from the gasket 
surface. 


With a straight edge and feeler gauge, 
check the flatness of the cylinder head, 
Figure 14. Specifications for flatness are 
0.006 in (0.15 mm) maximum overall, or 
0.003 in (0.76 mm) in any six inches (152.40 
mm). 


NOTE: /f the face of the cylinder head does not 
meet the flatness specification it may be 
skimmed, provided that the depth from the 
lower face of the valve seat insert to the 
cylinder head face is not reduced to less than 
0.117 in (2.97 mm). 


3. 


If the head has been skimmed, determine 
that all the head bolts will bottom. Place 
the cylinder head, less gasket, on the block 
and install and finger tighten all the head 
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Figure 15 
Measuring Valve Seat Width 


1. Valve Seat 


bolts (rocker arm shaft supports and 
washers should be used under the long 
bolts). Using a feeler gauge, check the 
clearance between the underside of the 
head bolts and the cylinder head rocker 
arm support. If the clearance is 0.010 in 
(0.25 mm) or greater for any bolt, use a 
% in x 13 UNC-2A thread tap and increase 
the tap depth. The head bolts should be 
marked so they are reinstalled in the hole in 
which they were checked. 


The intake and exhaust valve ports in the 
cylinder head are equipped with removable 
valve seat inserts. Remove and replace 
inserts that are cracked or loose, or that 
show excessive wear. 


To install a larger insert than originally 
fitted, machine the counter bore for the 
seat in the cylinder head to the dimensions 
in Table 1, Page 14. The insert must be 
thoroughly chilled in dry ice before 
installation. 
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Figure 16 
Checking Valve Seat Concentricity 


. Set Dial at ‘’O”’ 

. Valve Seat Concentricity Gauge 

. Set Point to Ride on Valve Seat Face 

. Rotate Sleeve Clockwise and Read Dial 
. Tighten Pilot 


Measure the width of the valve seats, 
Figure 15, and reface the seats if they do 
not meet the specifications shown in 
Figure 17. 


Measure the concentricity of the valve seat 
with a suitable gauge, Figure 16, or check 
with Prussian Blue. If the valve seat runout 
exceeds 0.0015 in (0.0381 mm) reface the 
seat. 


NOTE: Reface the valve seat and face at the 
same time so the finished measurements 
correspond to Figure 17. 


Remove only enough metal from the seat 
to clean up the pits and grooves, or to 
correct the seat runout. After refacing, the 
seat should measure 0.094 in (2.38 mm) + 
0.015 in (0.40 mm). If the refaced seat 
exceeds this width, narrow the seat by 
removing stock from the top or bottom of 
the seat. See Step 8. If the seat measures 
less than this width, widen the seat. 
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Figure 17 
Valve Face and Seat Angles 


. Ford TW-5 intake and Exhaust Valves 
Ford TW-15, TW-25 and TW-35 Exhaust Valves 


Ford TW-15, TW-25 and TW-35 Intake Valves 
. Valve Seat Angle — 45° 
. Valve Face Angle — 44%° 
. Yo in (0. 79 mm) 
. Seat Width 34, in (2.38 mm) 
. Valve Seat Angle — 30° 
. Valve Face Angle — 29%° 
~ Ve in (1.59 mm) 
. Seat Width — %4, in+ %, in (2.38 + 0.40 mm) 
. Valve Seat 
. Valve Face 


Rotate a new or refaced valve lightly in the 
seat, using Prussian Blue. If the blue is 
transferred to the valve face 0.625 in (1.59 
mm) below the upper edge of the valve 
face, the contact is satisfactory. If the blue 
is transferred to the valve face above or 
below this point, raise or lower the seat as 
follows: 


FORD TW-15 INTAKE AND EXHAUST 
VALVES, TW-15, TW-25 AND TW-35 
EXHAUST VALVES 


Lower the valve seat by removing metal from 
the top of the seat with a 30° grinding wheel. 
Raise the valve seat by removing metal from 
the bottom of the seat with a 60° grinding 
wheel, Figure 18. 


Figure 18 
Dressing Valve Seats 

A. Ford TW-5 Intake and Exhaust Valves 

Ford TW-15, TW-25 and TW-35 Exhaust Valves 
. Ford TW-15, TW-25 and TW-35 Intake Valves 

60° 

45° 

15° 

30° 
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TW-15, TW-25 AND TW-35 INTAKE 
VALVES 


Lower the valve seat by removing stock from 
the top of the seat with a 15° grinding wheel. 
Raise the seat by removing stock from the 
bottom of the seat with a 45° grinding wheel, 
Figure 18. 


IMPORTANT: Some cylinder heads may 
have one or more 0.003 in (0.0762 mm) or 0.015 
in (0.381 mm) oversize valve guides and valves 
installed. The exhaust manifold side of the 
cylinder head opposite these valves will be 
stamped ‘03’ or YOO3 OS as appropriate. 


Valve stem-to-guide clearance tolerances are 
as follows. Intake valves, 0.0010—0.0045 in 
(0.0245—0.114 mm) — _ exhaust valves, 
0.0020 —0.0055 in (0.0508—0.0139 mm). 


Measure stem-to-guide clearance with a 
telescoping gauge and micrometer, Figure 19. 
If the clearance is not within tolerances, or if 
excessive oil consumption Is indicated, replace 
the guides concerned. 


CHAPTER 1 
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Figure 19 
Measuring Valve Guide 


1. Telescope Gauge 
2. Micrometer 


Valves with oversize stems are available for 
service. If it is necessary to ream the valve 
guides to install valves with oversize stems use 
the Oversize Valve Guide Reamers, Tool No. 
FT.6202 or 2136, and rear the guides in steps, 
using the small reamer and standard diameter 
pilot first. 


The Oversize valve Guide Reamer Kit contains: 


Reamer Diameter 

0.003 in (0.0762 mm) oversize 
0.015 in (0.3810 mm) oversize 
0.030 in (0.7620 mm) oversize 


Pilot Diameter 

Standard Diameter 

0.003 in (0.0762 mm) oversize 
0.015 in (0.3810 mm) oversize 


NOTE: Always reface the valve seat after 
reaming the valve guide. 
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Figure 20 
Critical Valve Measurements and Inspection 
Checks 

. Ford TW-5 Intake and Exhaust Valves 

Ford TW-15, TW-25 and TW-35 Intake Valves 
. Ford TW-15, TW-25 and TW-35 Intake Valves 
. Y% in (0.79 mm) Minimum 
44%° 
. Ye in (1.58 mm) 
Check Maximum Valve Face Run-Out 
29% ° 
. Check for Bent Stems and Correct Diameter 
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VALVES AND PUSH RODS 
INSPECTION 


The critical inspection points of the valves are 
shown in Figure 20. Inspect the valve face and 
the edge of the valve head for pits, grooves, 
scores or other defects. Inspect the stem for a 
bent condition and the end of the stem for 
grooves or scores. Check the valve head for 
cracks, erosion, warpage or burn. Minor 
defects such as small pits or groves, can be 
removed. 


Figure 21 
Checking Valve Spring Squareness 
1. Not more than 1%, in (1.59 mm) 


Check the valve tip for pits or grooves and 
replace the valve if such a condition exists. 
Discard valves that are severely damaged. 


Discard any valve springs that show signs of 
erosion or rust. Check each valve spring for 
squareness, Figure 21. Discard valve springs 
that are out of square in excess of 1/16 in 
(1.59 mm). 


TABLE 1 


0.010 in (0.254 mm) 
0.020 in (0.508 mm) 
0.030 in (0.762 mm) 


: Exhaust Valve Inlet Intake Valve Seat Insert 
Insert Oversize 
Counter Diameter in Cylinder Head 


1.607 — 1.608 in (40.82— 40.84 mm) | 1.907— 1.908 in (43.44— 43.46 mm) 
1.617— 1.618 in (41.07 —41.10 mm) | 1.917— 1.918 in (43.69—43.72 mm) 
1.627 — 1.628 in (41.33—41.36 mm) | 1.927— 1.928 in (43.95—43.97 mm) 
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Check specified free length and loaded height 
of the valve springs. Weak valve springs cause 
poor engine performance. If the free length is 
less than 2.16 in (54.8 mm), add one 0.030 in 
(0.76 mm) spacer between the cylinder head 
spring pad and the valve spring to bring the 
assembled height to the recommended 
dimensions of 2.13—2.19 in (53.9—55.6 mm). 


Check the valve spring retainer locks to be sure 
they are in good condition. Rotate the exhaust 
valve positive rotator to be sure it is not binding 
or excessively worn. Install new rotators if 
necessary. 


Check the ends of the push rods for nicks, 
grooves, roughness or excessive wear. If the 
push rods were not straight when checked or if 
any of the above wear conditions exist, install 
new rods. Do not attempt to straighten push 
rods. 


REFACING VALVES 


The valve refacing operation should be closely 
co-ordinated with the valve seat refacing 
operating so the finished angle of the valve is 
¥% ° less than the valve seat to provide an inter- 
ference angle for better seating, Figure 17. 
Adjust the refacing tool to obtain a face angle 
of 44%° or 29%°, Figure 20. 


Remove only enough stock to clean up the pits 
and grooves. Check the edge of the valve 
head, if less than 0.031 in (0.79 mm) margin, 
install a new valve. 


Remove all grooves or score marks from the . 


valve tip, then chamfer as necessary. Do not 
remove more than 0.010 in (0.25 mm) from the 


tip. 
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Figure 22 
Rocker Arm Shaft 
1. Notch 
2. Bolt 
3. Spacer 
4. Rocker Arm 
5. Rocker Arm Shaft Support 
6. Spring 


ROCKER ARMS AND SHAFT 
DISASSEMBLY 


To disassemble the rocker shaft assembly, 
remove the bolts that attach the rocker shaft to 
the cylinder head from the rocker shaft 
support, Figure 22. 


INSPECTION 


1. Inspect the rocker arm adjusting screws 
and the push rod ends of the rocker arms 
for stripped or worn threads. 


2. Check the ball end of the screws for nicks, 
scratches or excessive wear. 


3. Check the rocker arm locating springs and 
spacers for breaks or other damage. 
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4. Inspect the pad and insert end of the rocker 
arm for roughness or grooves, or excessive 
wear. If any of the above conditions exist, 
install new parts. 


5. Check the rocker arm and rocker shaft 
diameters. If the diameter exceeds the 
specifications, Chapter 6, install a new 
part. If the shaft meets specifications, 
clean it thoroughly in solvent. Make sure 
the oil passages are clear of obstructions. 


INSTALLATION 


1. Reassemble the rocker arm and shaft 
assembly, Figure 22. 


2. Coat the rocker arm shaft with engine oil 
prior to assembly. Lubricate the valve pads 
on all rocker arms. 


3. The rocker shaft has an identification 
groove at one end of the shaft. Position the 
mark upwards and use this end as the front 
of the shaft. This puts the oil holes and 
grooves in the shaft facing down. 


4. Start reassembly from the rear of the shaft 
by first positioning a rocker arm support 
with the notch on the support to the right 
of the shaft facing forward. 


5. Besure the springs and spacers are in their 
correct position, Figure 22, then proceed 
with the assembly. 


CYLINDER HEAD 
ASSEMBLY 


1. Insert each valve in the guide bore from 
which it was removed and lap it in position 
to give an even seat around the valve. On 
completion of this operation remove the 
valve and carefully clean the lapping 
compound from the valve seat and seat 
insert. 


2. Lubricate all moving parts with engine oil 
prior to installation. Refer to Figures 12 and 
13 for reference to parts of the intake and 
exhaust valves. 


3. Insert each valve in the guide bore from 
which it was removed. Position a new 
valve seal over each intake valve (on the 
TW-5 only) and guide. 


4. Install the valve springs over the valve 
guides. 


5. On intake valves, compress the springs 
and spring retainer, Figure 12, and install 
the retainer locks. On exhaust valves, 
compress the spring and the valve rotator. 
Be sure to install the rotator onto the valve 
from which it was removed. 


6. On exhaust valves install the new sealing 
‘ring into the second groove from the top of 
the valve stem and install the retainer 
locks. 


CHECKING VALVE SPRING ASSEMBLED 
HEIGHT 


Measure the assembled height of the valve 
spring from the surface of the cylinder head 
spring pad to the underside of the spring 
retainer. Use dividers, Figure 23. 


If the assembled height is greater than the 
specified limit, install 0.030 in (0.76 mm) 
spacers between the cylinder head spring pad 
and the valve spring to bring the assembled 
height to the recommended dimension. 


NOTE: Do not install spacers unless 
necessary. Use of spacers in excess of 
recommendations will result in overstressing 
the valve springs and overloading camshaft 
lobes. 
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Figure 23 
Checking Valve Spring Assembled Height 


1. Underside of Spring Retainer 
2. Surface of Spring Pad 


VALVE SPRING ASSEMBLED HEIGHT 
1.72— 1.78 in (43.6—45.2 mm) 


INSTALLATION 


1. Place a new head gasket on the cylinder 
block, then carefully position the cylinder 
head on the gasket. Two dowels are on the 
top of the cylinder block at opposite 
corners to aid in positioning the cylinder 


head and gasket. 


2. Lubricate the cylinder head bolts and 


install them finger tight. 


3. Install the valve push rod with the cupped 
end up, in the holes in the cylinder head 
from which they were removed. Be sure 
the ball ends of the push rods are seated in 


the tappet sockets. 


Figure 24 
Cylinder Head Tightening Sequence 


. Intake Side 
B. Exhaust Side 


4. Position the rocker shaft assembly on the 


cylinder head, the long cylinder head bolts 
and washers in the respective holes. Refer 
to Figure 10. Make sure that the ball ends 
of the rocker arm adjusting screws are 
seated in the cupped end of the push rods. 


. Tighten the cylinder head bolts in the 


sequence shown in Figure 24. Tighten the 
two steps: 


(a) 140 Ibs.ft. (190 Nm) 
(b) 160 Ibs.ft. (217 Nm) 


NOTE: 7he cylinder head bolts should be 
torqued only when the engine is cold. 


ees PART 1 ENGINE SYSTEMS suey 


Figure 25 
Adjusting Valve Lash 


1. Adjusting Screw 
2. Feeler Gauge 


6. Rotate the engine and set the valve lash, 
Figure 25, to the specified limits, see 
‘Specifications’, Chapter 6. 


7. Install a new seat washer in each injector 
bore in the cylinder head. Position new 
cork seals over the injectors. 


8. Install each injector into the cylinder head 
and over the two studs, Figure 11. Install 
the nut on each stud and _ tighten 
progressively to the specified torque, see 
‘Specifications’, Chapter 6. 
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9. 


10. 


11. 


12. 


13. 


14. 


15. 


Using new copper washers, install the 
injector leak-off line. 


Install a new gasket and the intake 
manifold onto the cylinder head. Secure 
the manifold with the bolts and lock 
washers and tighten the bolts to the 
specified torque, see ‘Specifications’, 
Chapter 6. 


Attach the fuel filters to the manifold with 
two bolts and flat washers, and connect 
the fuel lines. 


Connect the injector lines to the injection 
pump and to the injectors. Position the 
clamps on the injector lines in the same 
position from which they were removed. 


Connect the cold start equipment. 


Position a new exhaust manifold gasket on 
the cylinder head and install the exhaust 
manifold, Figure 6. Use new lock tabs and 
tighten the bolts to the specified torque, 
see ‘Specifications’, Chapter 6, and bend 
the lock tabs to retain the bolts. 


Ford TW-5: Bolt the muffler with a new 
gasket installed to the exhaust manifold 


Ford TW-15 and TW-25: Bolt.the turbo- 
charger, with a new gasket installed, to the 
exhaust manifold. Install the oil pressure 
and return lines from the turbocharger to 
the engine. 
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IMPORTANT: Whenever a turbocharger is 
installed in a tractor, the following procedure 
should be followed: 


(1) 


(ii) 


(itt) 


liv) 


(v) 


(vi) 


16. 


17. 


18. 


Connect the oil supply tube to the turbo- 
charger and tighten the connection 
securely, 


Do not connect the oil return tube to the 
turbocharger at this time. 


Connect the air inlet-to-turbocharger 
tubes and the turbocharger-to-exhaust 
tubes, as detailed previously. Tighten all 
locations securely. 


Place a container under the oi! return 
passage of the turbocharger bearing 
housing. 


Crank the engine with the diesel engine 
stop control pulled out. Oil under 
pressure from the engine lubrication 
system will flow out of the turbocharger 
bearing housing into the container. This 
procedure will provide initial lubrication 
to the turbocharger. 


Connect the oil return tube to the turbo- 
charger and tighten the connection 
securely, 


Connect the upper radiator hose to the 
cylinder head. 


Fill the radiator with coolant. 


Refit the rocker cover, installing a new 
gasket, and tighten the bolts to the 
specified torque, see ‘Specifications’, 
Chapter 6. Connect the ventilating tube. 
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19. 


20. 


21. 


23. 


24. 


25. 


26. 


Lift the air cleaner and support assembly 
into place and attach with the hardware 
previously removed. 


TW-5: Attach the muffler to the air cleaner 
support assembly and connect the air 
intake tube to the intake manifold. 


Ford TW-15 and TW-25: Connect the 
exhaust extension to the turbocharger 
exhaust outlet and attach it to the air 
cleaner support assembly. Connect the air 
intake tube to the inlet side of the turbo- 
charger and the air cleaner. 


Install the fuel tank assembly. 


. Turn on the fuel. 


Position the wiring harness in the clips on 
the support brace and connect the harness 
at the alternator and air intake restrictor 
valve. 


Install the top hood panel and 


the pre- 
cleaner. 


Install both hood side panels and the 
radiator grille panel(s). 


Bleed the system as described in Part 2, 
“FUEL SYSTEM”. 


TW-35 


27. 


28. 


Bolt the turbocharger and new gasket to 
the exhaust manifold. Install the oil lines 
between the turbocharger and the engine. 
Install the water pump if removed, using a 
new gasket. 


Install the thermostat — fan hub housing. 
Attach the radiator hose and heater hose, 
Figure 9. 


ees PART IT ENGINE SYSREMS —e———E—E—EEyyy EEE 


29. Install the intercooler support bracket at 
the rear of the engine, Figure 8. 


30. Install the intercooler, Figure 7. 


31. Connect the intercooler-to-turbocharger 
tube, and install the aspirator hoses. 


32. Install the air cleaner, and the air cleaner- 
to-turbocharger tube. 


33. Attach the grille support, Figure 6. 


34. Install the hood panel, grille and side 


panels, Figure 5. 


C. ENGINE FRONT COVER AND TIMING GEARS 


Engine front cover and timing gear service 
operations can be performed after separating 
the front axle assembly from the engine, 
transmission, and rear axle assembly, as 
outlined in Part 12, “SEPARATING THE 
TRACTOR”. 


Figure 26 
Crankshaft Pulley 


1. Pulley Bolt 
2. Crankshaft Pulley 
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CAMSHAFT PULLEY REMOVAL 


1. 


Remove the fan and water pump belts. 
Remove the bolt and washer from the 
crankshaft pulley, Figure 26, Using 
Adjustable Bridge Puller, Tool No. 518 or 
9539 and Shaft Protector No. 625-1 or 
9212, Figure 27. To use the puller for this 
purpose, %,'' x 14 UNC bolts have to be 
used and the slots in the puller enlarged. 


Check the pulley belt grooves to be sure 
the surfaces are smooth and the flanges 
are not cracked or broken. 


Check the shaft spacer in the area that 
contacts the front oil seal to be sure it is 
free of scratches or grooves that may 
cause oil leakage past the seal. Clean the 
seal contact surface with solvent prior to 
installation. 


Figure 27 
Removing Crankshaft Pulley 
1. Crankshaft Pulley 
2. Adjustable Bridge Puller 

Tool No. 518 or 9539 


FRONT COVER REMOVAL 


1. 


Drain the engine oil, and remove the oil 
pan. 


Remove the front cover to front engine 
plate bolts and note the position of the fan 
mounting. 


Remove the alternator front mounting 
bracket bolt. 


Carefully pry the front cover off the dowel 
pins and remove. 


Remove the oil slinger. 


Clean all the gasket material from the front 
cover and from the front engine plate. 
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Figure 28 
Installing Front Cover Seal 
1. Driver 


2. Engine Front Cover 
3. Step Plate Tool No. 630-16 or 9210 


FRONT COVER CRANKSHAFT SEAL 
REMOVAL 


The front cover oil seal should be removed and 
a new Seal installed every time the front cover is 
removed. 


1. Drive out the oil seal and dust seal with a 
punch, being careful not to damage the 
front cover. 


2. Thoroughly clean the seal bore in the 
cover. 


3. Insert the dust seal in the seal bore before 
installing the oil seal. Coat the new oil seal 
with petroleum jelly and install the seal 
using step plate, Tool No. 630-16 or 9210, 
and a driver handle, Figure 28. Drive the 
seal in until it is fully seated in the bore. 
Check after installation to be sure the 
spring is properly positioned in the seal. 
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Figure 29 
Timing Gears 
. Front Cover Plate 
. Camshaft Gear 
. Crankshaft Gear 
. Camshaft Drive Gear 
. Injection Pump Gear 
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CHECK TIMING GEAR BACKLASH 


1. The timing gears are correctly assembled 
when the timing marks on the gear teeth 
line up, Figure 29, with the No. 1 piston on 
TDC. 


2. Check the backlash of the gears with a dial 
indicator or a feeler gauge, Figure 30. 


3. Check between the camshaft drive gear 
and camshaft gear, between the injection 
pump gear and camshaft drive gear, and 
between the crankshaft gear and camshaft 
drive gear. 


4. Check the backlash at four equidistant 
points on the gears. 


5. If the backlash is correct, see ‘Specifica- 
tions’, Chapter 6, the gears are suitable for 
reinstallation, otherwise new gears must 
be installed. 


Figure 30 
Checking Timing Gear Backlash 


1. Camshaft Gear 
2. Camshaft Drive Gear 
3. Feeler Gauge 


INJECTION PUMP GEAR 
REMOVAL 


1. Turn the crankshaft until the camshaft 
gear is in the approximate timed position, 
Figure 31. 


2. Remove the three attaching bolts that 
retain the injection pump gear, Figure 31, 
to the pump adaptor plate and remove the 
gear. . 


CLEANING AND INSPECTION 
1. Clean the gear in solvent. 


2. Inspect the gear teeth for scores and nicks 
and the condition of the teeth contact 
pattern. 


3. Useacarborundum stone to remove minor 
gear teeth imperfections. If gear teeth wear 
or damage is severe install a new gear. 
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Figure 31 
Engine Front Cover Removed 


. Front Cover Plate 
. Washer 

. Retaining Bolt 

. Camshaft Gear 


Slinger 


. Self-Locking Bolt 

. Attaching Bolts 

. Injection Pump Gear 
. Adaptor Plate 


INSTALLATION 


Time the engine before installing the 
injection pump gear. To do this remove the 
camshaft drive gear, place No. 1 piston at 
the top dead centre and reinstall the 
camshaft drive gear in mesh and the timing 
marks aligned to the other gears, Figure 31. 
Tighten the camshaft drive gear adaptor 
bolt to the correct torque, see ‘Specifi- 
cations’, Chapter 6. 


Install the new injection pump gear on the 
pump adaptor plate, with the timing mark 
aligned. 


Install the three bolts and the adaptor plate 
and tighten to the correct torque, see 
‘Specifications’, Chapter 6. 


Figure 32 
Removing Camshaft Drive Gear Adaptor 


1. Adaptor 
2. Camshaft Drive Gear 


CAMSHAFT DRIVE GEAR AND 
ADAPTOR 


REMOVAL 


Remove the self locking bolt that retains 
the camshaft drive gear and adaptor to the 
cylinder block. 


Remove the adaptor and camshaft drive 
gear, Figure 32. 


CLEANING AND INSPECTION 


1. 


2. 


Clean the gear and adaptor in solvent. 


Inspect gear teeth for scores and nicks and 
the condition of the teeth contact pattern. 
Use a carborundum stone to remove minor 
gear teeth imperfections. If tooth wear or 
damage is severe install a new gear. 
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4. Inspect the camshaft drive gear bushing, 


Figure 33, for wear, nicks or burns, and Sa 
install a new gear if any of these conditions 
exist. 


INSTALLATION 


1. Install the gear and adaptor in mesh with 
the timing marks aligned. 


2. Install the adaptor self locking bolt and 
tighten the bolt to the correct torque, see 
‘Specifications’, Chapter 6. 


Figure 33 
Camshaft Drive Gear and Adaptor CRANKSHAFT GEAR 

1. Adaptor 

2. Oil Passage The crankshaft gear should only be removed if 

3. Bushing ee 

A GCameticte Die Gea: it shows signs of wear or chipping. 
REMOVAL 
1. Remove the crankshaft gear with 

3. Check the adaptor oil passage, Figure 33, Crankshaft Gear Remover, Tool No. 


making sure that it is clear. CPT.6040B or 2134, Figure 34. 


Figure 34 
Removing and Installing Crankshaft Gear | 
A. Removal B. Installation of 
1. Crankshaft Gear Remover, Tool No. 2. Crankshaft Gear Replacer, Tool No. CT.6069A 
CPT.6040B or 2134 or 2134 and Tool No. CT.6069-1 or 1237 
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CLEANING AND INSPECTION 


1. Clean the gear in cleaning solvent. 


2. Inspect the gear teeth for scores and nicks, 
and the condition of the teeth wear 
pattern. 

3. Check the crankshaft keyway to be sure it 
is in good condition. 

4. Check the key. If there is any evidence of 


distortion or chipping, use a new key when 
installing the gear. Install a new gear if 
wear or damage is evident. 


INSTALLATION 


1. Drive the key into the keyway until it is 
seated. 


2. Install the crankshaft gear with Crankshaft 
Gear Replacer, Tool No. CT.6069A or 2134 


and Tool No. CT.6069-1 or 1237, Figure 34. 


CAMSHAFT GEAR 


REMOVAL 

1. Remove the retaining bolt and washer and 
withdraw the camshaft gear from the end 
of the shaft. 


CLEANING AND INSPECTION 


1. Clean the gear in solvent. 


2. Inspect gear teeth for scores and nicks, 


and the condition of teeth wear pattern. 
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3. Check the keyway and key on the end of 
the camshaft. If the key is damaged, install 
a new key before installing the gear. Use a 
carborundum stone to remove minor gear 
teeth imperfections. If tooth wear or 
damage is severe install a new gear. 


INSTALLATION 


1. Install the camshaft gear spacer. 


Install the key in the camshaft keyway . 


Replace the camshaft gear, with the timing 
marks aligned, the flat washer, lock 
washer and bolt, and tighten to the correct 
torque, see ‘Specifications’, Chapter 6. 


TIMING THE GEARS 


When removing or installing any of the timing 
gears, be sure that the timing marks line up 
correctly, Figure 31. The No. 1 piston must be 
at T.D.C. on the compression stroke when the 
timing marks are aligned. 


The power steering pump drive gear does not 
require timing. 


FRONT COVER INSTALLATION 


1. Position a new gasket on the engine front 
adaptor plate. 


2. Install the oil slinger onto the crankshaft 
with the dished face outwards. 
3. Install the front cover, being sure the cover 


aligns with the dowel pins. 
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CRANKSHAFT PULLEY 
INSTALLATION 


1. Lubricate the crankshaft pulley spacer, 
align the keyway in the spacer with the 
crankshaft keyway and slide it back as far 
as it will go. 


2. Lubricate the pulley hub and align the 
keyway in the pulley with the key in the end 
of the crankshaft. Tap the pulley onto the 
crankshaft. 

3. Install the flat washer and bolt, and tighten 


the bolt to the correct torque, see ‘Specifi- 
cations’, Chapter 6. 


D. OIL PAN AND OIL PUMP 


4. Install the front cover to engine bolts and 
tighten to the correct torque, see ‘Specifi- 
cations’, Chapter 6. 

5. Install the oil pan with new gasket and 
tighten bolts to the correct torque, see 
‘Specifications’, Chapter 6. 

6. Install the alternator support front 
mounting bolt. 

7. Refill the crankcase with the correct grade 
and quantity of oil, see ‘Specifications’, 
Chapter 6. 

8. Replace the filler cap. 

OIL PAN 

REMOVAL 


WARNING: Due to the weight of the cast iron 
sump exercise great care on removal. 


The oil pan sump can be removed with the 
engine installed in the tractor by replacing the 
cylinder block to front support bolts, one at a 
time, with bolts 8 in (200 mm) long. This allows 
the front support assembly to be eased 
forward by approximately 1.5 in (38 mm) to 
facilitate removal of the two front sump bolts. 


1. Drain the engine oil and remove the engine 
oil level dipstick. 


2. Support the tractor with a jack under the 
transmission and a hoist or crane at the 
front support and radiator assembly. 
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3. Remove both hood side panels. 


. Remove the pre-cleaner from the air intake 
tube. 


. Remove the top hood panel and the 
radiator grille panel(s). 


. Drain the engine coolant. 


. Remove all lines and hoses between the 
radiator/coolers/condenser and_ the 
engine. This includes the air intake tube, 
the coolant hoses, the oil cooler lines, the 
air conditioning lines, the hydraulic oil 
hoses, and the power steering oil lines. 


. Remove the main fuel tank front support 
bolts. 
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9. Remove the two bolts that attach each side 
frame member to the front support. 


10. Move the front support assembly forward 
sufficiently to allow removal of the front oil 
pan bolts and oil pan. 


11. Remove the two lower transmission-to- 
engine attaching bolts. 


12. Support the oil pan. Remove the attaching 
bolts and lock washers holding the pan to 
the engine, Figure 35. 


CLEANING AND INSPECTION 


1. Scrape all dirt and metal particles from the 
inside of the pan. 


2. Scrape all gasket material from the gasket 
surface. 


3. Wash oil pan in a solvent and dry 
thoroughly. 


4. Check the pan for cracks, holes, damaged 
drain plug threads, or a nicked or warped 
gasket surface. 


5. Repair any damage, or install a new pan if 
repairs cannot be made. 
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Figure 35 
Oil Pan 


1. Gasket 

2. Attaching Bolt 
3. Lockwasher 
4. Oil Pan 


INSTALLATION 


Installation of the oil pan sump follows the 
removal procedure in reverse. On installation 
observe the following requirements. 


e Ensure the gasket surfaces on the oil pan 
and block are clean. 


e install anew gasket and apply a thin film of 
sealer to the gasket, front cover and oil 
pan. 


e Position the oil pan and install a bolt, finger 
tight, at each corner. 


e Install the remaining bolts, tighten the rear 
bolts first, then tighten from the middle 
outward in each direction to the specified 
torque, see ‘Specifications’, Chapter 6. 


e Fill the engine with the correct grade and 
quantity of oil, see ‘Specifications’, 
Chapter 6. 


¢ Operate the engine and check for oil leaks. 


nggp She 


Figure 36 
Oil Pump 

. Oil Pump and Screen 

. Rear Support Bolts 

. Support Bolt 

Idler Gear 

. Front Support Bolts 

. Oil Pump Support Plate 

. Oil Pump Drive Gear 

. Oil Pump Housing 
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OIL PUMP 
REMOVAL 


1. Remove the oil pan as previously described 
in this Chapter. 


2. Remove the two front pump mounting 
bolts, two rear delivery tube mounting 
bolts and one pick-up tube support bolt, 
Figure 36. Remove pump assembly, 
dowels and pick-up tubes. 


BEARING INSPECTION 


1. Position a dial indicator as shown in Figure 
40. Slowly oscillate the gear while applying 
upward even finger pressure (to prevent 
tipping of gear), noting indicator reading. 
Reverse finger pressure and again slowly 
oscillate the gear noting indicator reading. 
The range of indicator reading is the end- 
play of the bearing. If bearing end-play 
exceeds 0.008 in (0.023 mm), the bearing 
should be replaced. 
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Figure 37 
Oil Pump 


. Pump Body 
. Rotor and Shaft 
Pump Cover 
Relief Valve 
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DISASSEMBLY 


1. Unscrew the four bolts from backplate of 
pump assembly. 


2. Remove both tubes, screen and backplate. 


3. To remove the idler gear and/or bearing, 
place the pump in a vice and bend down 
the locking tab from the retaining nut, 
Figure 40. 


4. Using slotted nut socket, Tool No. FT.6201 
or 7537 loosen the bearing retaining nut 
and remove nut, locking tab washer, outer 
cone assembly, gear, cones, spacer and 
inner cone assembly, Figure 41. 


5. Examine the cup bearing races. If there is 
obvious wear or damage the bearing 
should be replaced. 
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Figure 38 Figure 39 
Checking Oil Pump Clearance Checking Oil Pump Clearance 
1. Straight Edge 1. Feeler Gauge 
2. Pump Body 2. Pump Body 
3. Rotor and Shaft 
6. If the bearing is to be replaced, press-out With the rotor and shaft assembly installed 
the inner and outer bearing cups and in the pump body, place a straight edge 
remove the retaining snap ring. across the pump body. Measure the 
clearance between the straight edge and 
7. Remove the drive gear by hand or with a the inner rotor and shaft assembly and 
hydraulic press if necessary. between the straight edge and the outer 
rotor, Figure 38. If the measurement is 
8. Remove the relief valve spring and cap, not within tolerance limits, see ‘Specifica- 


Figure 37. 


CLEANING AND INSPECTION 


1. 


Wash all parts in solvent and dry 
thoroughly. Use a brush to clean the inside 
of the pump housing and the pressure 
relief valve chamber. Be sure all dirt and 
metal chips are removed. 


Check the inside of the pump cover for 
wear and score marks. Inspect both rotors 
for wear or scoring and replace as required. 
Check the idler gear bearing for binding. 


Inspect both gears for wear and pitting. 
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tions’, Chapter 6, install a new rotor 
assembly. 


NOTE: 7he shaft and rotor are serviced only as 
an assembly. 


Measure the rotor-to-housing clearance by 
inserting feeler blades between the rotor 
and the housing, Figure 39, taking the 
measurements at four places, 90° apart. If 
the measurements are not within tolerance 
limits, see ‘Specifications’, Chapter 6, 
install a new rotor assembly. Check the 
clearances with the new rotor installed in 
the pump body. If the measurements are 
still outside of specification install a new 
pump body. 
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Figure 40 
Checking Bearing End Play 


1. Dial Indicator Gauge 
2. Retaining Nut 
3. Locking Tab 


5. Check the relief valve spring tension. If the 
spring tension is not within tolerance 
limits, see ‘Specifications’, Chapter 6, 
install a new spring. 


6. Check the relief valve for score marks and 
be sure it is free to move within the bore. 


ASSEMBLY 
1. Oil all the parts thoroughly. 
2. Install the oil pressure relief valve and 


spring, and drive in a new plug. 
Install the split pin. 


3. Install the inner rotor in the pump body and 


press on the drive gear with the key in 
position. Install the outer race in the pump 
body. The rotor, shaft and outer race are 
serviced as an assembly. Both parts must 
be replaced together. 


Install the pump cover plate and pick-up 
tube assembly, and tighten four bolts to 
the correct torque, see ‘Specifications’, 
Chapter 6. 


Install the screen assembly, delivery tube, 
gaskets and O-ring. 


. A new bearing assembly consists of two 


cone assemblies, two cups, one cone 
spacer, and one retaining snap ring. These 
parts must be used as a set to maintain 
correct bearing end-play. 


. Install the new retaining snap ring in the 


gear groove. Press the cups in the gear. 
Cups must be completely seated against 
the retaining snap ring. 


. Install the inner cone assembly, cone 


spacer, gear, Outer cone assembly, new 
locking tab washer, and the retaining nut 
on the adaptor. 
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9. Tighten the retaining nut with the Slotted 
Nut Socket to 25 Ibf.ft. (3.45 kgm), Figure 
41. 


10. Rotate the gear several revolutions to seat 
the bearing. 


11. Measure the bearing end-play as detailed 
in ‘Bearing Inspection’. If bearing end-play 
exceeds 0.005 in (0.127 mm) replace the 
complete bearing assembly with a new 
bearing assembly. 


12. Failure to fully seat the bearing cups 
against the retaining snap ring in gear will 


result in a tight bearing. 


13. When necessary end-play has been 
obtained, secure the retaining nut by 
bending the locking tab into the groove of 


the nut. 


14. The bearing should be lubricated with 


engine oil before installing the pump. 
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Figure 41 
Removing the Idler Gear Retaining Nut 


1. Slotted Nut Socket Tool No. FT.6201 or 7537 
2. Retaining Nut 


INSTALLATION 


1. Prime the pump by filling the inlet port with 
clean engine oil. Rotate the pump drive 
gear and shaft to distribute oil in the pump 
body. 


Install the pump assembly, tube and clamp 
on engine. 


The engine oil filters should be serviced every 
300 hours on a TW-5 tractor, every 150 hours 
on TW-15 and TW-25 and every 200 hours on 
the TW-35 tractors. Operate the engine until it 
reaches normal operating temperature, then 
drain the engine oil from the pan and the oil 
cooler. Replace the oil filter elements. Fill the 
crankcase with the correct grade and quantity 
of oil, see ‘Specifications’, Chapter 6. 
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Removing Cylinder Ridge 


1. Shoe 

2. Adjusting Screw 
3. Reamer 

4. Cutter Blade 


Figure 43 
Removing Connecting Rod Bearing Cap 


1. Bearing Liner 
2. Bearing Cap 


E. CONNECTING RODS, BEARINGS, PISTONS, RINGS, CYLINDER BLOCK 
AND SLEEVES 


PISTON AND CONNECTING ROD 
ASSEMBLY 


REMOVAL 


1. 


Remove the cylinder head assembly as 
described in Section B under ‘‘CYLINDER 
HEAD VALVES AND RELATED PARTS: 
REMOVAL”. 


Remove the oil pan and oil pump as 
detailed in Section D under “OIL PAN 
AND PUMP: REMOVAL”. 


If necessary, remove the ridge from the top 
of each cylinder with a cylinder ridge 
reamer or a hand scraper, Figure 42. Ridge 
removal is not necessary when reboring or 
if the old pistons are not to be used, 
however, it may be necessary to remove a 
ridge in order to remove an old piston. 


When removing the cylinder ridge do not 
cut down into the ring travel more than 
0.030 in (0.8 mm). 


Remove the nuts from the connecting rod 
bearing cap bolts of the piston that is at the 
bottom of its stroke. Remove the rod 
bearing cap and liner, from the rod, Figure 
43. Push the piston and rod asembly away 
from the crank pin and remove the bearing 
liner from the rod. Push the rod and piston 
assembly out of the top of the cylinder with 
the handle end of ahammer. Be careful not 
to scratch the crank pin or the cylinder. 
Turn the crankshaft to bring each piston to 
the bottom of its stroke and repeat this 
procedure. Keep the bearing caps and 
liners with their respective connecting 
rods. 
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5. Remove the piston rings from the pistons 
with a piston ring expander or other 
suitable means, Figure 44. 


DISASSEMBLY 
1. Remove the piston pin snap ring (circlip) 


from each side of the piston and remove 
the pin. 


2. Identify each piston to be sure it will be 
assembled to the rod from which it was 


CLEANING 


1. Soak the pistons thoroughly in a stong 
cleaning solution. 


2. Clean the piston ring grooves; a broken 
piston ring makes an ideal tool for this 
purpose. 


INSPECTION 
CONNECTING RODS 
1. Inspect the connecting rods for signs of 


damage and the bearing bores for 
roundness and concentricity. Install a new 


Figure 44 
Removing Piston Ring 


removed. 1. Piston Ring 
2. Piston Ring Expander 


Check the connecting rod nuts and bolts. 
Replace any part that shows signs of wear 
or damage. Always use new connecting 
rod bearing cap nuts. 


Check piston pin bushings for wear or 
damage. Measure outside diameter of 
piston pin and inside diameter of piston pin 
bushing. If bushing is damaged, or if the 
measurements indicate that a clearance 
between the bushing and the pin is not 
between 0.0005—0.0007 in (0.0127— 
0.0178 mm), the bushings must be 
replaced. 


connecting rod if the bore is damaged or NOTE: /fa new piston pin bushing is installed, 
not within tolerances, see ‘Specifications’, it must be reamed to provide the correct 
Chapter 6. clearance. 
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Figure 45 


Typical Defective Bearings 
. Embedded Dirt 7. Craters or Pockets 
. Embedded Dirt 8. Radii Ride 
. Scratches 9. Dirt 
. Radii Ride 10. Scratches 
. Fatigue Failure 11. Scratches 


. Overlay Worn Out 


A shiny surface on the pin boss side of the 2. If the bearing liners appear to be service- 


piston will usually indicate that a able, keep them with their respective rods 
connecting rod is bent. Abnormal con- for reassembly in the engine. If the 
necting rod bearing wear is also an clearances are not correct, see ‘Specifica- 
indication of bent connecting rods. tions’, Chapter 6, new bearings must be 
Twisted connecting rods will not create an installed. Undersize connecting rod 
easily identifiable wear pattern, but badly bearings are available in 0.002 in 
twisted rods will disturb the action of the (0.0508 mm), 0.010 in (0.254 mm) 0.030 in 
entire piston assembly. Refer to (0.762 mm), and 0.040 in (1.016 mm) for 
‘Connecting Rod Alignment’, Page 37. service. If new bearings are required, 


follow the correct fitting procedure. 


CONNECTING ROD BEARINGS 


1. 


PISTONS 
If the bearing liners are scored, have the 
flash overlay wiped out, show fatigue, 1. Inspect pistons for damage and wear at the 
failure, or are badly scratched, Figure 45, ring grooves, piston skirt and piston pin 
install new bearing liners. bosses. 


Figure 46 
Checking Top Ring Groove 
1. Keystone Gauge 


2. Check for wear at the top ring by 


measuring the ring groove with a % in — 
150 ‘Keystone’ gauge. If the shoulders of 
the gauge contact the face of the piston, 
Figure 46, the groove is worn beyond 
serviceable limits and the piston must be 
replaced. 


If the special gauge is not available, insert a 
new ‘Keystone’ ring in the groove and 
place a 0.006 in feeler gauge between the 
top of the ring and ring groove. If the feeler 
gauge can be inserted to the depth of the 
ring, the groove is excessively worn and 
the piston should be replaced. 


Figure 47 
Checking Ring Side Clearance 


1. Feeler Gauge 
2. Piston Ring 


3. Check all other piston ring grooves with a 
new ring and feeler gauge, Figure 47. The 
grooves should have’ the correct 
clearances, see ‘Specifications’, Chapter 
6. Replace pistons with excessive 
clearance. 


4. Replace pistons with excessive skirt 
clearance, wavy wing lands, fractures, and 
pistons that show damage _ from 
detonation. 


5. Replace worn or damaged piston pins. 
Always use new circlips when replacing 
piston pins. 
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A. Checking for Twist 


1. Alignment Gauge 


Figure 49 
Removing and Installing Connecting Rod Bushings 


1. Handle, Tool No. 818 or 9515 
2. Adaptor, Tool No. 818 or 9515 
3. Connecting Rod 


Figure 48 
Connecting Rod Alignment 


2. Connecting Rod Aligner 


B. Checking for Bend 


3. Piston Pin 


Figure 50 


Drilling Connecting Rod Bushing — TW-5 


1. Connecting Rod Bushing 


Figure 51 
Drilling Connecting Rod Bushings— TW-15, TW-25 and TW-35 


1. 54, in (4.1 mm) Drill 


CONNECTING ROD ALIGNMENT 


1. Place each connecting rod in an alignment 
fixture, as shown in Figure 48. 

2. If the connecting rod is twisted more than 
0.012 in (0.305 mm), or bent more than 
0.004 in (0.102 mm), install a new rod. 

REPAIR 


CONNECTING ROD BUSHING 


1. 


Remove the connecting rod bushing from 
the connecting rod with Handle, Tool No. 
818 or 9515, Adaptor, Tool No. 818 or 9515 
and an arbor press, Figure 49. 


Clean the connecting rod bore, making 
sure there are no burrs or scratches. Line 
up the oil feed hole of the bushing to that of 
the connecting rod and press the new 
bushing into the connecting rod, using the 
same bushing tool used for removal. The 
bushing should not protrude from either 
side of the rod. 
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2. %4 in (1.2 mm) Drill 


TW-5: Using the hole in the top of the 
connecting rod as a guide, drill a %, in (1.2 
mm) diameter hole in the bushing, Figure 
50. 


TW-15, TW-25 and TW-35: 


e Using a long %, in (4.1 mm) drill, drill 
from the crankshaft end of the rod, 
through the bottom half of the pin 
bushing, Figure 51. 


e Using a %q4 in (1.2 mm) drill, drill through 
the top of the rod and through the top of 
the bushing, Figure 50. 


e Remove burrs and metal chips from the 
rod before fitting the piston pin. 


e Using a spiral expansion reamer, ream 
the bushing in the connecting rod to 
obtain the correct bushing-to-pin 
clearance. 
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Figure 52 
Cylinder Bore Grading Depth 


1. Bore Gauge 
2. Depth Measurement 


FITTING PISTONS 


iF 


Pistons are available in both standard and 
oversize to fit all engines. New pistons 
should be installed if the clearance exceeds 
the specified limits. 


2. The cylinder bores must be checked for 


taper and out-of-round before fitting the 
pistons, as outlined, under ‘Cylinder Block 
Inspection’, Page 42. 


3. Before installing a piston and newringsina 


used block, remove the high polish on the 
cylinder wall to aid ring seating. This is 
done by passing a hone lightly through the 
cylinder bore a few times. Do not hone 
more than enough to rough up the polish. 
After honing, bores should be washed with 
hot water and detergent, then rinsed in 
cold water and dried thoroughly. The 
bores should then be oiled to prevent 
rusting. 


Figure 53 
Piston Grading Diameter 


1. Dimension’’“W” 


Using a bore gauge (or inside micrometer) 
check and record the cylinder bore 
diameter in a crosswise direction as shown 
in Figure 52. 


With an outside micrometer, check and 
record the ‘‘W” diameter of the piston to 
be fitted, Figure 53. 


Subtract the piston diameter from the bore 
diameter. The resultant figure should be 
within the clearance tolerances, see 
‘Specifications’, Chapter 6. 


If the resultant figure is greater than the 
specified clearance try another piston. If 
none can be fitted, rebore the cylinder to 
the next oversize. If the clearance is less 
than specified, hone the bore until the 
desired clearance is obtained. 
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NOTE: Dimension “W’” is not the point of the 
largest diameter of the piston, but it is the 
datum from which bore clearances are 
_ calculated. 


INSTALLING PISTON RINGS 


1. Before installing new rings on a piston, the 
rings should be checked for proper ring 
gap. Each ring should be fitted and 
checked in the cylinder in which it is going 
to be used. Each ring should be marked 
accordingly after the cylinders have been 
checked and reconditioned as required. 
Push the ring down into the cylinder bore 
to the lowest unworn portion of the 
cylinder, using the head of a piston so that 
the ring is square with the cylinder wall. 


NOTE: When positioning the piston ring inside 
the cylinder for checking ring gap, be careful 
not to damage the ring or the cylinder bore. 


2. Check the gap (see ‘Specifications’) 
between the ends of the ring with a feeler 
gauge, Figure 54. It is important that all 
rings have at least the minimum gap 
clearance to provide for the expansion that 
occurs when the engine warms up to 
operating temperature; otherwise, the ring 
ends may butt together and cause 
scuffing, scoring or ring breakage. 


NOTE: When installing the piston rings, It is 
recommended that a piston ring expander be 
used, Figure 55. This tool will prevent over- 
expansion of the ring, and will expand the ring 
to a true circle to avoid distortion. The rings 
supplied in Service Ring Kits differ from the 
standard size rings used in production. 
Because of the differences the following points 
should be noted when installing new sets of 
rings, whether they be standard or oversize. 


Figure 54 
Checking Piston Ring Gap 


1. Feeler Gauge 
2. Piston Ring 


1. Production Piston Ring Set—consists of: 
3 Compression Rings 
1 Oil Control Ring 
1 Oil Control Ring Expander (Coiled) 


TOP COMPRESSION RING 
Bright chrome finish, ‘Keystone’ ring. 


2nd COMPRESSION RING 
Bright chrome finish, step on inside 
diameter. Assemble with step facing 
upwards. 


3rd COMPRESSION RING 
Dull black finish, step on inside 
diameter. Assemble with step facing 
upwards — no expander behind ring, 
Figure 56. 


OIL CONTROL RING 
Install either way upwards with slotted 
expander behind ring, Figure 56. 
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Figure 55 Figure 56 
Installing Piston Rings Fitting Piston Ring 
1. Piston Ring 1. Keystone Ring 
2. Piston Ring Expander 2. Compression Rings (2) 


3. Oil Control Ring 
4. Coil Type Expander 


2. Service Type Set — consists of: OIL CONTROL RING 
3 Compression Rings Install the oil control ring in the bottom 
1 Oil Control Ring groove as follows: 


1 Oil Control Ring Expander (Coiled) 


TOP COMPRESSION RING 
Bright chrome finish ‘Keystone’ ring. 
The top compression ring may be 
installed either way up in the top piston Open the coil spiral spring at the guide 
groove. pin. Place the coiled spring in the oil 
groove of the ring, inserting the guide 
pin into the open end of the coil. Close 
until the spring ends butt. 
2nd COMPRESSION RING 
Bright chrome finish, step on inside 
diameter. Assemble with step facing 
upwards, in the second piston groove. 


3rd COMPRESSION RING Install the cast iron ring either way up, 
Dull black finish, step on outside with the inside groove of the ring over 
diameter, facing downwards and non- the coiled spring, placing the ring gap 
slotted expander behind ring. opposite the coil spring ends. 


Fe Ok 


Figure 58 


Lower Compression ring — 
Position gap 180° from oil control ring 


gap. 


Remaining Compression Rings— 
Position gap 120° intervals from lower 
compression ring. 
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Figure 57 
Positioning Piston with Connecting Rod Piston and Connecting Rod Assembly 
1. Notch on Piston 1. Piston Rings 
2. Notch to Front of Engine 2. Piston 
3. Connecting Rod and Cap Numbers 3. Piston Pin 
4. Pin Retainer 
5. Bearings 
6. Cap 
7. Nut 
8. Connecting Rod 
9. Bolt 
Space the rings on the piston as follows: PISTON ASSEMBLY 
Coil-Type Expander— 1. Lubricate all parts generously with engine 
Position gap in line with piston dome oil during assembly. All parts of the piston 
identification mark, Figure 54. and connecting rod assembly are shown in 
Figure 58. Use the illustration for reference 
during assembly. 
Oil Control Ring— 
Position gap 90° from piston dome 
identification mark. 
2. Assemble the piston to the connecting rod 


with the notch on the piston crown and the 
pip on the connecting rod inline, Figure 57. 
If a new piston is used the connecting rod 
piston pin bushing may have to be reamed 
or replaced to provide the specified pin-to- 
bushing clearance. When properly fitted 
the pin should rotate snugly in both the rod 
and piston. Before installing the piston in 
the block be sure the piston pin retainers 
are fully seated in the piston grooves. 


Figure 59 
Installing Piston and Connecting Rod 


1. Hammer Handle 

2. Piston Ring Compressor 

3. Assemble with Notch Forward 
4. Identification Notch 


INSTALLATION 


Turn the crankshaft to position the No. 1 
crankpin at the bottom of its stroke. 


Liberally lubricate the No. 1 piston with 
engine oil. Compress the rings with a 
Piston Ring Compressor, Figure 59. Install 
the bearing liner in the connecting rod. 


Position the piston and rod assembly in the 
cylinder block with the identification mark 
on the piston facing the front of the 
engine. 


Tap the piston into the cylinder bore with 
the handle end of a hammer, Figure 59, 
until the connecting rod bearing liner is 
seated on the crankpin. Be careful not to 
damage the cylinder wall or the bearing 
journal with the connecting rod or rod 
bolts. 
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Having ensured correct liner clearance, 
refer to ‘Fitting Main and Connecting Rod 
Bearings’, Page 49, lubricate the crankpin 
and liners and install the bearing cap on the 
rod with the number on the cap on the 
same side as the number on the rod. Install 
new nuts and tighten to the correct torque, 
see ‘Specifications’, Chapter 6. 


Install the remaining pistons and rods in 
the same manner, each time checking the 
bearing clearance. 


Install the oil pump, oil pan and cylinder 
head detailed previously in this Chapter. 


Fill the crankcase with oil and the radiator 
with coolant. 


Start the engine and check for leaks. 


CYLINDER BLOCK 


The following is the procedure for inspection 
and repair of the cylinder block. 


INSPECTION 


Inspect the core plugs for evidence of rust. 
Rust indicates leakage and new plugs 
should be installed. Remove the defective 
plugs. Apply sealer to the new plugs and 
install them securely. 


Inspect and measure the cylinder bores for 
waviness, scratches, scuffing, out-of- 
round, wear and taper. A wavy cylinder 
wall has a series of parallel lines or rings 
worn around the cylinder, generally found 
at the top or bottom of the piston ring 
travel. These irregularities and scratches, 
although in most cases too small to be 
measured with the naked eye, usually can 
be felt by running a finger over the cylinder 
surface. A_ scuffed cylinder can be 
identified by discoloured areas. The colour 
varies from a light straw to dark blue, 
depending on the severity of the scuffing. 
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Out-of-roundness, wear and taper can be 
detected with a cylinder bore gauge. 


3. With reference to Figure 60, record the 
measurements taken lengthwise and 
crosswise at the top and bottom of the 
piston ring travel as follows: 


(a) Lengthwise of the block, measure 
and record as ‘‘A’’, the diameter of 
the cylinder at the area of greatest 
ring wear near the top of the cylinder. 


(b) Also lengthwise of the block, 
measure and record, as “’B’”’, the 
cylinder diameter at the bottom of 
piston skirt travel. 


(c) Crosswise of the block, measure and 
record, as ‘‘C’’, the diameter at the 
top of the cylinder in the same area as 
measurement ‘‘A’”’, the greatest wear 
point. 


(d) Measure and record, as ‘’D’”’, the 
diameter at the bottom of the piston 
skirt travel and crosswise of the 
block. 


(e) Reading ‘‘A’’ compared to reading 
“BY” and reading ‘‘C’’ compared to 
reading ‘’D” indicates cylinder taper. 


(f) Reading ‘‘A’’ compared to reading 
“C" and reading ‘’B’’ compared to 
reading ‘‘D”’ indicates whether the 
cylinder is out-of-round. 


For the tolerance limits of the measurements 
listed above refer to ‘Specifications’, — 
Chapter 6. 


Figure 60 
Measuring Cylinder Bore 
1. Telescopic Bore Measuring Gauge 


If the cylinder taper, out-of-roundness or wear 
(piston-to-bore clearance) are above the 
maximum specification, the cylinder should be 
honed or bored to fit the next oversize piston. 
Check the flatness of the cylinder block gasket 
surfaces and the depth of the cylinder head 
bolts thread. 


REPAIR 


If the cylinder walls have only minor surface 
imperfections and the out-of-round and taper 
is within limits, it may be possible to remove 
the imperfections by honing the cylinder walls 
and installing new piston rings, provided the 
piston clearance is within limits. 


Cylinder walls that are severely marked or worn 
beyond the specified limits should be bored. 
Manufacturer's recommendations on the use 
of boring equipment should be followed and 
the work should be performed by experienced 
personnel. 
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Figure 61 
Machining Counterbore 


1. Bore Grinder 
2. Counterbore 


The exact finished bore size can be determined 
by measuring the diameter of the piston at 
right-angles to the piston pin axis (Dimension 
“W"" — Figure 53), then add to this dimension 
the appropriate piston clearance as shown in 
Specifications. 


Bore the cylinder with the most wear first to 
determine the proper oversize. Oversize 
pistons are available in 0.004 in (0.0016 mm), 
0.020 in (0.058 mm), 0.030 in (0.762 mm) and 
0.040 in (1.015 mm) oversize. Bores into which 
0.004 in (0.1016 mm) pistons will be installed 
need only be honed. All honing should be 
accomplished with a rigid hone using a grit size 
of 150-220. When boring a cylinder leave 
approximately 0.002—0.003 in (0.051—0.077 
mm) stock for honing. After the final operation 
and prior to installing the piston, thoroughly 
wash the cylinder walls with hot water and 
detergent to remove all abrasive particles and 
carefully dry the walls. 


Coat the walls with engine oil after drying to 
prevent rusting. Identify the pistons to 
correspond to the cylinders in which they are 
to be installed. Thoroughly clean the entire 
block to remove all particles from the bearing 
bores, oil passages, cylinder head bolt holes, 
etc. 


SLEEVES 


Under certain circumstances it is more 
expedient to re-sleeve a bore rather than to 
rebore and install oversize pistons. This occurs 
when: 


(a) Oil consumption is due to bore porosity 
which cannot be corrected by re-boring. 


(b) Replacing sleeves installed in production. 
(c) Replacing sleeves installed in service. 


NOTE: 7he installation of sleeves does not 
impair operation or affect performance. 


BORING BLOCK FOR SLEEVES 


Boring should be performed by experienced 
personnel following the instructions provided 
by the boring equipment manufacturer. The 
procedure is as follows: 


(i) Measure the outside diameter of the 
sleeve in four places and find the average 
diameter. Bore the block to 0.000— 
0.002 in (0.000—0.05 mm) less than this 
average diameter. 


(ii) Machine the counterbore to the 
dimensions shown in Figure 62. The 
counterbore depth is critical as the sleeve 
must be flush with the block surface 
when installed. 
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Figure 62 Figure 63 
Dimensions for Machining Cylinder Bore for Measuring Piston-to-Block Height 
Thin Walled Sleeve 
. 0.095—0.099 in (2.41—2.51 mm) 
. 4.746 —4.753 in (120.55— 120.73 mm) 
. Bore Cylinder to Average Diameter of Sleeve 
less 0.000 —0.002 in (0.00—0.05 mm) 
. 0.020—0.030 in (0.50—0.75 mm) x 45° Chamfer 
. 0.015 in (0.381 mm) Radius Maximum 
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(iii) Thoroughly clean and dry the bore and ensure the piston to block height 
the outside surface of the sleeve. dimensicn is maintained within specifica- 
tion, Figure 63, see ‘Specifications’, 

Chapter 6. 


(iv) Chill the sleeve in liquid nitrogen or dry ice 


and assemble to the cylinder bore (vi) Bore and hone the sleeve to the diameter 
ensuring the lip is bottomed in the required. Only standard and 0.004 in 
counterbore. (0.10 mm) oversize pistons can be used 


with the thin walled 4.4 in (111.76 mm) 
bore lipped sleeve. . 


(v) If necessary the sleeve may be machined 
to bring it flush with the block face, or if 


necessary the block face may be skimmed (vii) Check the flatness of the cylinder block- 
by up to 0.005 in (0.13 mm) to achieve a to-head surface, see ‘Specifications’, 
flush condition. If the block is skimmed, Chapter 6. 
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F. MAIN BEARINGS, FLYWHEEL AND CRANKSHAFT 


MAIN BEARINGS 


The main bearings can be overhauled with the 
engine in the tractor. To remove the flywheel, 
the engine must be removed from the tractor, 
or the tractor separated between the engine 


and the transmission. The engine must be. 


removed from the tractor before’ the 


crankshaft can be removed. 


REMOVAL 


1. Remove the oil pan and oil pump. 


2. Remove the main bearing cap to which 
new bearing liners are to be fitted. Install 
one bearing at a time, leaving the other 
main bearing caps securely in place. 


Install a bearing liner remover in the oil 
passage of the crankshaft. Turn the 
crankshaft counter-clockwise slowly until 
the tool forces the bearing out of the 
cylinder block. 


0-3lin 
(7-9mm) 


Figure 64 
Bearing Liner Removal Tools 


A. Thrust Bearing Insert Tool 
B. Main Bearing Liner Tool 


NOTE: /f a bearing liner removal tool is not 
available, a suitable tool may be fabricated 
from a 71in (25mm!) x % in (3 mm) split pin as 
shown in Figure 64. The shorter pin is used to 
remove the thrust bearing insert. 


Flatten and bend the head to 30° to conform to 
the angle of the oil passage in the crankshaft. 


INSPECTION AND REPAIR 
1. Thoroughly clean the bearing liners, 
journals and caps. 


2. Bearing liners with scored, chipped or 
worn surfaces, Figure 65, must be 
replaced. If new liners are to be installed, 
check the clearance as described in the 
“CRANKSHAFT” section of this Chapter. 


INSTALLATION 


1. Apply a light coat of engine oil to the 
journal and bearing liner. 


2. Locate the liner installation tool in the 
crankshaft journal oil passage and position 
the liner on the journal with the plain end of 
the liner at the tang side of the cylinder 
block. Slowly turn’ the crankshaft 
clockwise until the bearing is fully located. 
Remove the installation tool. 


3. Lubricate the bearing cap and liner and 
install the liner into the cap. Position the 
bearing cap with the locking tang towards 
the camshaft side of the engine and install 
the retaining bolts. Tighten the bolts to the 
correct torque, see ‘Specifications’, 
Chapter 6. 


4. If anew thrust bearing liner is installed, the 
bearing must be aligned as described in the 
“CRANKSHAFT” section of this Chapter. 


5. Install the o!l pump and replace the oil pan. 


Figure 65 
Typical Bearing Failures | 
4, Craters or Pockets 


5. Overlay Worn 
6. Radii Ride 


1. Scratches 
2. Embedded Dirt 
3. Fatigue Failure 


FLYWHEEL 


The flywheel mounts on a flange at the rear of 
the crankshaft and is retained by six bolts. The 
mounting holes are unevenly spaced so that it 
can be mounted in only one position. The 
starter ring gear is mounted on the flywheel. 


REMOVAL 


1. Separating the tractor between the engine 
and the’ front transmission, see 
“SEPARATING THE TRACTOR” — Part 
12. 


2. Remove the pressure plate and clutch disc 
assembly from the _ flywheel, see 
“CLUTCHES” — Part 4. 
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3. Prior to removal, rotate the flywheel and 


4. 


use a dial indicator to measure the run-out, 
Figure 66, see ‘Specifications’, Chapter 6. 
If the flywheel is outside the specification 
check the mating surfaces of the flywheel 
and the crankshaft for correct seating. 


Withdraw the flywheel attaching bolts and 
carefully remove the flywheel. 


INSPECTION AND REPAIR 


i 


Inspect the flywheel ring gear and replace if 
the teeth are damaged. Check the flywheel 
for damage due to loosely or improperly 
fitted ring gear. 
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e Quickly place the hot gear on the 

= oh flywheel with the flat face against the 
MOO shoulder on the flywheel. Quench the 
| gear with water. 


INSTALLATION 


1. Clean the crankshaft rear flange and the 
mating surface of the flywheel. 


2. Establish the correct alignment of the 
flywheel to crankshaft mounting holes and 
install the flywheel. Apply a film of Loctite 
271 to the bolt threads, install the bolts and 
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Figure 66 tighten to the correct torque see ‘Specifi- 
Checking Flywheel Run-Out cations’, Chapter 6. Re-check the flywheel 
1. Dial Indicator Gauge runout. 


2. Flywheel 
3. Install the pressure plate and clutch disc 
assembly, see ‘““CLUTCHES” — Part 4. 


4. Re-assemble the tractor, see ‘‘SEPARAT- 
ING THE TRACTOR” — Part 12. 


2. A damaged flywheel ring gear should be 


removed and replaced as follows: CRANKSHAFT 
e Cut the old ring gear free from the REMOVAL 
flywheel. | 
1. Remove the engine from the tractor, see 
¢ Thoroughly clean the mating surfaces of “SEPARATING THE TRACTOR" — Part 
the new ring gear and the flywheel. 12, and place on an engine stand. 


ee se 2. Remove the pressure plate and clutch disc 

e Use temperature indicating crayons to assembly from the flywheel, see 

mark the side face of the ring gear at SIX “CLUTCHES” — Part 4. 

equally spaced locations. Mark with a 

400°F (204°C) crayon at a point 0.5 in 3. 

(13 mm) below the root of the teeth and 

mark with a 450°F (212°C) crayon at a 

point just below the root of the teeth. 


Remove the flywheel and engine rear cover 
plate. 


4. Remove the crankshaft pulley and engine 
front cover. : 
e Use an oxy-acetylene torch with a tip 

size No. 2maximum and direct the flame NOTE: /f the crankshaft is removed with the 
against the internal face of the gear. cylinder head in position, ensure all timing 
| marks are realigned prior to re-assembly. This 
e Stop applying heat when the 400°F action will prevent possible interference 
(204°C) crayon marks melt and before between the valves and pistons during re- 

the 450°F (212°C) crayon marks melt. assembly. 
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5. Remove the oil pan sump and the oil pump. 


6. Remove the connecting rod and main 
bearing caps and liners and identify to 
facilitate re-assembly. 


7. Carefully lift the crankshaft out of the 
cylinder block. 


INSPECTION 


NOTE: A /imited number of TW-5 crankshaft 
main bearing or rod bearing journals will be 
ground 0.010 in undersize in production. 
Engines equipped with undersize crankshaftts 
will be identified with one of the following 
codes on the right front of the block near the 
engine code. 


Code 


(M) — Undersize main bearings journals 
(P) — Undersize rod bearings journals 
(MP) — Undersize main and rod bearing 

journals. 


1. If the crankshaft gear teeth are excessively 
worn or chipped, install a new crankshaft 
gear which must be fully located on the 
shoulder of the crankshaft. 


2. Clean the crankshaft and drilled passages. 
Dress minor imperfections with an oil 
stone and re-finish severely marked 
journals to the next undersize bearing. 


3. Measure the diameter of each journal in 
four places to determine out-of-round, 
taper or wear, Figure 67. Measurement 
“A” compared with ‘’B”’ indicates vertical 
taper whilst measurement ‘’C” and ‘’D”’ 
indicate journal out-of-round. If the journal 
exceeds the specified wear limit, refinish 
the journals to the next undersize bearing, 
see ‘Specifications’, Chapter 6. Always 
reproduce the original journal side radii and 
after refinishing chamfer the oil holes. 
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Figure 67 
Crankshaft Journal Measurements 


4. Examine the rear oil seal journal for score 


marks, remove minor imperfections with 
fine emery cloth and if severely damaged 
replace the crankshaft. 


INSTALLATION 


1. 


Turn the crankshaft to align the timing 
mark on the gear with the timing mark on 
the camshaft drive gear. Lower the 
crankshaft into place, being careful not to 
damage the bearing surfaces. 


Check the crankshaft bearing clearance 
with Plastigauge as follows: 


e Position a piece of the correct size 
Plastigauge across the full width of the 
bearing cap. 


e Install the bearing cap and tighten the 
retaining bolts to the correct torque, see 
‘Specifications’, Chapter 6. 
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Figure 68 


Checking Crankshaft Bearing Clearance 
Using Plastigauge 


e Remove the cap and use the scale to 
check the width of the _ flattened 
Plastigauge, Figure 68. The width of the 
Plastigauge at the widest point 
establishes the minimum clearance and 
at the narrowest point, the maximum 
clearance. The difference between the 
two readings is the taper. 


NOTE: Normally, main bearing journals wear 


evenly and will not be out-of-round. However, 
if a liner ts fitted to an out-of-round journal 
which is within specifications, be sure to fit the 
bearing to the maximum diameter of the 


journal. 


3. 


Standard size liners are colour coded red or 
blue and are available in a Copper Lead or 
Aluminium Tin alloy, see ‘Specifications’, 
Chapter 6. 


IMPORTANT: Jhe engine may be assembled 


with liners of different material but liners of the 
same material must be installed on the same 
journal. 


Figure 69 
Thrust Bearing 


1. Bearing Cap 
2. Flange Type Insert 


The red liners have a thinner wall section 
than the blue liners and provide greater 
clearance. A combination of red and blue 
liners may be required to obtain the desired 
clearance. If the clearance is greater than 
specified when two blue liners are used, a 
0.0002 in (0.05 mm) underize liner with 
either a red, blue or another 0.002 in 
(0.005 mm) undersize liner should be 
installed. If any of these combinations of 
liners do not produce the _ specified 
clearance, refinish the crankshaft and fit 
undersize bearings, see ‘Specifications’, 
Chapter 6. 


Lubricate the main bearing liners and 
install them in the block and bearing caps. 
If the main bearing journals have been 
refinished to undersize, install the correct 
undersize bearings. Be sure the bearing 
liners are clean. Foreign material under the 
liners will distort the bearing and cause 
premature failure. See that the tangs on 
the bearings are in the slots provided in the 
cylinder block and caps. 
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Figure 71 
Installing Rear Main Bearing Cap 


1. Rear Main Bearing Cap with Side Seals 
2. Sealing Compound 


Figure 70 
Checking Crankshaft End Play 
1. Dial Indicator Gauge 
2. Crankshaft 
3. Lever 


5. After the bearing clearances have been 7. Check the crankshaft end play with a dial 


measured, apply alight coat of engine oil to 
the journals and bearings. Install the thrust 
bearing cap with the flange-type bearing 
liner first, Figure 69. Then install all main 
bearing caps except the rear cap. Be sure 
they are installed in their original location. 


Install the thrust bearing cap with the bolts 
finger tight, then pry the crankshaft 
forward against the thrust surface of the 
bearing. Hold the crankshaft forward and 
pry the bearing cap to the rear. 


Be careful not to pry against the flange of 
the bearing liner. 


This will align the thrust surfaces of both 
halves of the bearing. Hold the forward 
pressure on the crankshaft and tighten the 
bearing cap bolts to the specified torque. 
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indicator gauge, Figure 70. Move the 
crankshaft rearwards and set the dial 
indicator to zero. Pry the crankshaft 
forwards and if the end play exceeds the 
limit, see ‘Specifications’, Chapter 6, 
install new thrust bearing liners. If the end 
play is less than the specified limit, inspect 
the thrust bearing surfaces for burrs, 
scratches or dirt. If the thrust surfaces are 
not defective or dirty, re-align the thrust 
bearing as detailed in Step 4. 


. Wipe the mating surfaces of the block and 


rear main bearing cap and apply alight coat 
of sealing compound to both surfaces. 
Install new side seals in the rear main 
bearing cap to project slightly beyond the 
block face of the cap and assemble the cap 
to the block, Figure 71. Tighten the bearing 
cap bolts and cut the side seals to allow a 
projection of 0.016 in (0.4 mm) above the 
sump pan flange, Figure 72. 
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Figure 72 
Trimming the Vertical Seal 


Cut the Seal approximately 0.016 in (0.4 mm) 
above Sump Pan Flange 


9. Apply a light coating of high temperature 


10. 


grease to the rear oil seal bore, seal and 
journal. Locate the seal in position and 
install using Tool No. FT.6204 or 1301 and 
three flywheel-to-crankshaft retaining 
bolts, Figure 73. Tighten the three bolts 
evenly and in sequence. 


If the initial production seal is being 
replaced install the service seal flush with 
the block face. Any second or subsequent 
service seal replacement must be fitted 
0.06 in (1.5 mm) below the face of the 
cylinder block. 


Mount a dial indicator gauge on the end of 
the crankshaft, Figure 74, rotate the 
crankshaft and check the run out of the 
seal does not exceed 0.015 in (0.38 mm). 


11. 


12. 


13. 


Figure 73 
Installing Rear Main Bearing Crankshaft Seal 


1. Tool No. FT.6204 or 1301 
2. Flywheel-to-Crankshaft Retaing Bolts 


Apply a liberal amount of penetrating oil to 
the side seals to cause them to swell. 


Install the correct bearing liners in the 
connecting rod and cap. If the journals are 
standard size select the correct bearing 
liners as for main bearings in Steps 1 and 2. 
Ensure the bearing liner tangs locate in the 
slots of the rod and cap. The turbocharged 
engine bearing liners have a groove and a 
hole to be aligned with the drilling in the 
connecting rod. 


Install the connecting rod bearing cap, as 
previously detailed in this Chapter, with 
the number on the cap on the same side as 
the number on the rod. Install new nuts 
and tighten to the correct torque, see 
‘Specifications’, Chapter 6. 
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INSTALLATION 


1. Installation of the remaining components, 
to effect complete re-assembly of the 
engine, follows the removal procedure in 
reverse. 


Figure 74 
Checking Rear Main Bearing Crankshaft Oil 
Seal Run-Out 


Dial Indicator Gauge 
. Crankshaft 
Crankshaft Oil Seal 

. Cylinder Block 
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G. CAMSHAFT 


REMOVAL 4. Invert the engine on the stand and remove 

the oil pan sump if the camshaft bearings 
NOTE: 7he camshaft bearings and/or tappets and/or the tappets are to be removed. 
can only be serviced with the engine removed 
from the tractor and mounted on an engine 
stand. See “SEPARATING THE TRACTOR” 
— Part 12. 


5. Withdraw the bolt and flat washer and 
remove the camshaft gear. 


6. Unscrew the two retaining bolts and 


1. Remove the engine front cover, rear cover remove the camshaft thrust plate. 


and cylinder head. 


7. Remove the Woodruff key and spacer 
from the front of the camshaft. 


2. Remove the oil pump drive gear and shaft. 
7 8. Carefully withdraw the camshaft from the 
front of the engine. Be careful not to 
damage the bearings or the lobes on the 
3. Check the camshaft end play as previously shaft. 
described in this Chapter. If the clearance 
exceeds the specified limit, see ‘Specifica- 
tions’, Chapter 6, install a new thrust plate 9. Remove the tappets. Keep thernin order so 
during re-assembly. they can be installed in the original bores. 


Figure 75 
Removing and Installing Camshaft Bearings 
. Tool No. N.6261-A or 1442 
. Tool No. FT.6203 or 1255 
. Oil Hole 
. Bearing 
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INSPECTION AND REPAIR 


1. Inspect the camshaft journals and lobes for 


damage, pitting or heat discolouration. 


2. Inspect the oil pump drive gear on the 
camshaft for broken or worn teeth. Check 
the mating gear on the oil pump drive 
shaft. If any damage is apparent, install a 
new camshaft and/or oil pump drive gear. 


3. Measure the diameter and out-of-round of 
the bearing journals. If the journals exceed 
the specified limits, see ‘Specifications’, 


Chapter 6, install a new camshaft. 


CAMSHAFT BEARINGS 


1. Inspect the camshaft bearings for pitting or 
scoring. Measure the clearance between 
the internal diameter of the bearings and 
the outside diameter of the respective 


camshaft journals. 
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If the clearance exceeds the specified limit, 
see ‘Specifications’, Chapter 6, remove 
and install new bearings. 


Camshaft Bearing Replacement, with 
reference to Figure /5. 


e Remove the camshaft rear cover plate. 


e Position Driver Tool No. FT.6203 or 1255 
against the camshaft bearing to be 
removed and attach Handle Tool No. 
N.6261A or 1442. 


e Drive the camshaft bearing from the 
bearing bore. 


e Align the oil holes in the new camshaft 
bearings with the oil holes in the engine 
block then drive the new bearings into 
place using the same tools. 


INSTALLATION 


Installation of the camshaft follows the 
removal procedure in reverse. On 
installation observe’ the _ following 
requirments: 


e Apply petroleum jelly to each tappet 
foot, and coat the tappet body with oil. 
Install the tappets in the bores from 
which they were removed. 


e Oil the camshaft journals and apply 
petroleum jelly to the cam lobes before 
carefully installing the camshaft into the 
engine. 


e Install the spacer and a new key on the 
front of the camshaft. 


e Align the camshaft drive gear timing 
mark and re-check the camshaft end- 


play. 


Ned 
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H. ENGINE COMPRESSION TEST 


TEST PROCEDURE 


1. 


Be sure battery performance meets speci- 
fications. 


Warm up the engine by operating for a 
minimum of half an hour at 1200 rev/min. 


Stop the engine and remove the injector 
and seat washer from No. 1 cylinder. 


Clean the injector bore and crank the 
engine to blow out any loose carbon 
particles. 


Install a proprietary engine compression 
test gauge into the injector bore using a 
new seat washer and the injector mounting 
bolts. 


Connect the gauge and hose to the 
adaptor. 


Crank the engine at 200 rev/min with the 
engine stop control pulled out and observe 
the gauge reading. 


Repeat the compression test, Steps 5—7, 
for each cylinder 


TEST CONCLUSION 


1. All cylinders should be uniformly within 
20 Ibf.in? (1.5 bar) of each other. 


2. A reading of more than the 20 Ibf.in? 
(1.5 bar) below the other cylinders 
indicates leakage at the cylinder head 
gasket, piston rings or valves. 


3. A reading of more than 20 Ibf.in? (1.5 bar) 
above the other cylinders indicates 
excessive carbon deposits on the piston 
and cylinder head. 


4. A low even compression in two adjacent 
cylinders indicates a cylinder head gasket 
leak. Check this before condemning the 
rings or valves. 


To determine whether the rings or the valves 
are at fault, squirt the equivalent of a 
tablespoon of heavy oil into the combustion 
chamber, then crank the engine to distribute 
the oil and repeat the compression test. The oil 
will temporarily seal leakage past the rings. If 
approximately the same reading is obtained, 
the rings are satisfactory, but the valves are 
leaking. If the compression has increased over 
the original reading, there is leakage past the 
rings. During a compression test, if the 
pressure fails to climb steadily and remains the 
same during the first two successive strokes, 
but climbs higher on the succeeding strokes, 
or fails to climb during the entire test, suspect a 
sticking valve. 
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Chapter 2 
TURBOCHARGER 


Section 


A. DESCRIPTION AND OPERATION 


B. TURBOCHARGER OVERHAUL 


C. TROUBLE SHOOTING 


A. DESCRIPTION AND OPERATION 


The turbocharger consists of gas turbine and 
air compressor wheels mounted on opposite 
ends of a common shaft. The wheels are 
enclosed by air shrouds, the shaft by a centre 
housing. 


The turbine is a centripetal (from outside to 
centre), radial inflow designed mechanism 
consisting of a cast turbine wheel, wheel 
shroud, and a specially designed housing that 
encloses the wheel and directs the flow of gas 
through the turbine. 


The compressor is a centrifugal, radial outflow 


‘mechanism consisting of a cast compressor 


wheel, a backplate assembly, and a specially 
designed housing that encloses the wheel and 
directs the flow of air through the compressor, 
Figure 1. 
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Figure 1 
Turbocharger Cross Section 


. To Intake Manifold 
. From Air Cleaner 
. From Exhaust Manifold 


To Exhaust Muffler 
Compressor Wheel 


. Bearings 
. Turbine Wheel 
. Oil Supply to Bearing 
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Figure 2 
Turbocharger Lubrication 


1. Oil from Sump 
2. Bearing 
3. To Sump 


The centre housing supports the compressor 
and turbine wheel shaft in a pair of identical 
bearings, which contain oil holes’ for 
directinglubricating oil to the bearing bores 
and shaft journals. Passages drilled in the 
centre housing provide for directing oil, 
supplied by the engine, from the inlet port to oil 
grooves machined in the bearing bores, which 
align with holes in the bearings, Figure 2. 


During operation of a turbocharged engine, 
exhaust gas from the engine exhaust manifold 
flows into the turbine, Figure 3. The exhaust 
gas pressure and the heat energy extracted 
from the gas cause the turbine wheel to rotate 
which, in turn, causes the compressor wheel 
to rotate. 


Figure 3 
Turbocharger Engine Schematic 


. Engine Exhaust Gas Flow 
. Compressed Air Flow 

. Exhaust Gas Discharge 
Turbine 

Compressor 

From Air Cleaner 

. Engine Cylinder 
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The cooled and expanded exhaust gas leaving 
the turbine wheel is directed by the turbine 
housing to the engine exhaust system, which 
expels it to atmosphere. 


Rotation of the compressor wheel causes 
ambient air from the engine air cleaner to be 
drawn into the compressor housing, where it is 
compressed and delivered to appropriate 
ducting which delivers it to the engine intake 
manifold. 


The increased volume and density of the air 
thus delivered to the engine cylinders permit a 
corresponding increase in the volume of fuel 
that can be introduced into the cylinders while 
maintaining the air/fuel ratio required for 
proper combustion. Since engine power 
Output Is a function of the volume of fuel 
burned, the increase in the volume of fuel 
introduced as a result of turbocharger 
Operation results in an increase in engine 
power output. 
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Figure 4 
Turbocharger Sectional View 


Wheel Shroud 

Piston Ring 

Turbine Wheel Assembly 
Bolt 

. Lockplate 

. Thrust Bearing 

. Backplate Assembly 

. Piston Ring 


ONO TGAWNY> 


Sealing components are installed at each end 
of the shaft between the bearing and the 
adjacent turbine or compressor wheel to 


prevent lubricating oil from entering the 


turbine and the compressor. 


9. Compressor Wheel 
10. Nut 

11. Thrust Collar 

12. Seal Ring 

13. Centre Housing 
14. Retaining Ring 

15. Bearing 


Figure 4 illustrates the assembly relationship of 
components of a typical centre housing and 
rotating assembly that uses a piston ring for 
sealing at the compressor end of the shaft. 
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Figure 5 
Turbocharger (TW-15 and TW-25) 


“V"" Band Clamp 

Intake-to- Turbocharger Clamp 
Oil Supply and Return Tubes 
Turbocharger-to-Manifold Bolts 
Heat Shield 
Turbocharger-to-Exhaust Clamp 
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Figure 6 
Turbocharger and Intercooler (TW-35) 
1. Pre-Cleaner 
2. Grille, Intercooler Intake 
3. Radiator Grille 
4. Hood Panel 


B. TURBOCHARGER OVERHAUL 


REMOVAL 


WARNING: 7o avoid personal injury 
and prevent flange warping, allow the 
exhaust manifold to cool sufficiently before 
attempting to service the turbocharger. 


TW-15 and TW-25 


1. Remove both hood side panels, the top 
hood panel, the grille panels and the pre- 
cleaner from the tractor. 


2. Remove the exhaust pipe by removing the 
exhaust pipe-to-turbocharger clamp and 
the support bracket. 


3. Disconnect the air cleaner-to-turbocharger 
tube and the turbocharger-to-intake mani- 
fold tube, Figure 5, from the compressor 
side of the turbocharger, by loosening the 
tube clamps. 


4. Disconnect the oil supply and return tubes 
from the turbocharger, Figure 5. Swing the 
tubes clear to allow access to the 
turbocharger. 


5. Loosen the air cleaner tube bolt and lift the 
tube to give additional clearance. 


6. Remove the  turbocharger-to-manifold 
bolts and withdraw the turbocharger. 


7. Plug the exhaust manifold opening to 
prevent the entry of dirt. 


TW-35 


1. Remove both side panels and intercooler 
grilles. 


2. Remove the turbocharger air intake grille. 
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Figure 7 
Turbocharger (TW-35) 


Intercooler Radiator 
Front Mounting Bracket 
Base Mounting Bolts 
Rear Mounting Bracket 


Withdraw the four bolts on each side of the 
hood panel. Take care not to distort or 
overflex the hood panel on removal. 


To remove the intercooler assembly 
remove the front and rear mounting 
bracket bolts, the hose clamps, the 
intercooler-to-tip turbine fan ‘‘V’ band 
clamp and the base mounting bolts, Figure 
7. Remove the unit from the tractor. 


To remove the turbocharger remove the 
exhaust pipe clamp, the turbocharger-to- 
intake manifold tube clamp, the air intake 
boot clamp, and the _ turbocharger 
mounting nuts, Figure 8. 


Disconnect the oil supply and return tubes 
from the turbocharger. Swing the tubes 
clear to allow access to the turbocharger. 


Remove the turbocharger securing nuts 
and withdraw the turbocharger. 
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Figure 8 
Turbocharger (TW-35) 


Turbocharger-to-Intake Manifold Tube Clamp 
Intake Boot Clamp 

Turbocharger Mounting Nuts 

Exhaust Pipe 

Air Cleaner 

Exhaust Pipe Clamp 


DISASSEMBLY 


With reference to Figure 9. 


1. 


Clean the exterior of the turbocharger with 
cleaning solvent to remove accumulated 
surface matter before disassembly. 


Match-mark the compressor housing, 
turbine housing and centre housing, witha 
punch or scribe to facilitate orientation of 
the housings during reassembly. 


Bend down the tabs of the lockplates and 
remove the bolts, lockplates, clamps and 
housing. 


NOTE: Exercise care when removing the com- 
pressor housing to avoid damaging the com- 
pressor wheel blades. 


. Wheel Shroud 

. Piston Ring 

. Turbine Wheel Assembly 
. Turbine Housing 


Clamp 


. Lockplate 


Bolt 
Bolt 


. Lockplate 

. Centre Housing 
. Bearing 

. Retaining Ring 
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Figure 9 
Turbocharger Schematic 


13. Thrust Collar 

14. Piston Ring 

15. Seal Ring 

16. Thrust Bearing 

17. Spring Pin 

18. Compressor Housing 
19. Clamp 

20. Lockplate 

21. Bolt 

22. Locknut 

23. Compressor Wheel 
24. Backplate Assembly 
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Figure 10 
Turbine Wheel Holding Fixture 

. Tin (25 mm) 
. 1.5 in (38 mm) Minimum 
. Solid Lower Block 
2.7 in Diameter Hole Drilled through Top Block 
. Drill eleven % in Diameter Holes Equally 

Spaced on a 2.94 in (74.7 mm) Diameter Circle 
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4. Clamp asuitable socket or box end wrench 
in a vice and, with the centre housing and 
rotating assembly positioned such that the 
compressor wheel is facing upwards, 
engage the serrated end of the turbine 
wheel assembly with the socket or wrench. 


NOTE: /f desired, a turbine wheel assembly 
holding fixture can be fabricated, Figure 10, 
and used during removal of the locknut, Figure 
77. 


5. Support the centre housing and rotating 
assembly in the vertical position and, using 
a double universal socket wrench to avoid 
imposing bending loads on the turbine 
wheel shaft, remove the locknut. 


6. Lift the compressor wheel off from the 
shaft of the turbine wheel assembly, then 
invert the centre housing and turbine 
wheel assembly. Remove the _ turbine 
wheel assembly with the piston ring from 
the centre housing. Remove the piston 
ring from the turbine wheel assembly. 


Figure 11 
Turbine Wheel in Holding Fixture 


7. Bend down the tabs of the lockplates and 
remove the bolts, lockplates and backplate 
assembly. 


NOTE: /f necessary, lightly tap the backplate 
assembly with a lead or brass hammer to 
remove it from the centre housing. 


8. Do not disassemble the backplate 
assembly by removing the spring pressed 
into the backplate counterbore. 


9. Do not remove the pins from the centre 
housing unless replacement of the pins is 
required. 


CLEANING 


NOTE: Before cleaning detail parts, inspect all 
parts for burning, rubbing or other damage 
that might not be evident after cleaning. Refer 
to TROUBLE SHOOTING if evidence of such 
damage is found. 
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Figure 12 
Sectional View of Centre Housing 


1. Oil Squirt Hole 
2. Turbine End Oil Cavity 


Clean all parts in a non-caustic cleaning 
solution. Use a soft bristle brush, a plastic 
blade scraper, and dry compressed air to 
completely remove accumulated surface 
matter. 


NOTE: Do not use abrasive cleaning methods 
which might damage or destroy machined 
surfaces. 


Especially check the turbine-end oil cavity of 
the centre housing and remove to make sure 
the oil squirt hole in the centre housing, Figure 
87, isnot obstructed. To clean the hole, inserta 
wire. The hole diameter is 0.053—0.060 in 
(1.35—1.52 mm). 


INSPECTION 


1. Inspect all bolts for worn, stripped or 
crossed threads and for corrosion. Threads 
must be free of corrosion and otherwise in 
good condition. 


Inspect the compressor housing for 
damage caused by rubbing of the 
compressor wheel. Check all tapped holes 
for worn, stripped or crossed threads and 
for corrosion. Check the counterbore that 
mates with the backplate assembly for 
nicks, dents or warping that could prevent 
proper sealing with the _ backplate 
assembly. 


Check the compressor wheel nut for 
cracks and for nicked, worn, stripped or 
crossed threads. 


Check the compressor wheel for blade 
damage due to rubbing on the compressor 
housing, for erosion of blade tips due to 
ingestion of dirt and sand into the 
compressor and for foreign object impact. 


Check the turbine wheel asembly for the 
following defects: 


(a) Blade damage due to rubbing on the 
turbine housing. 


(b) Blade damage due to impact with 
foreign objects expelled from the 
engine and ingested by the turbine. 


(c) Blade tip erosion. Blade tip thickness 
for all blades must not be less than 
0.025 in (0.64 mm). 


(d) Excessive wear of the piston ring 
groove. The ring groove must be free 
of step wear, and the width of the 
groove must not exceed 0.0735 in 
(1.87 mm). 


(e) Excessive wear of the wheel hub 
adjacent to the piston ring groove. 
The hub diameter must not be less 
than 0.681 in (17.3 mm). 


(f) Excessive wear of the bearing 
journals. The diameter of the journals 
must not be less than 0.3994 in 
(10.145 mm), and the maximum out- 
of-roundness must not exceed 0.0001 
in (0.0025 mm). 


(g) Nicked, worn, stripped or crossed 
threads. The wheel assembly threads 
must be free of all such defects. 


Check the wheel shroud for damage due to 
rubbing of the turbine wheel, for erosion 
and for warping. 


Inspect the backplate assembly for the 
following defects: 


(a) Worn or damaged backplate bore. 
The diameter of the bore between the 
piston ring operating area (smaller 
diameter) and the compressor wheel 
must not exceed 0.501 in (12.73 mm) 
and the entire bore must be free of 
scratches and scores. 


(b) Loose or damaged thrust spring. The 
spring must be securely pressed into 
the backplate counterbore, and must 
be free of cracks, corrosion or surface 
damage from contact with the thrust 
bearing. 


(c) Cracked or warped backplate. 
The  backplate-to-centre housing 
mounting surface must be flat within 
0.0005 in (0.013 mm). 
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8. Inspect the thrust bearing for scratching, 


scoring, galling or excessive wear of the 
bearing surfaces. The bearing face that 
mates with the centre housing and the 
bearing surfaces that mate with the thrust 
collar must be flat within 0.0003 in (60.008 
mm). Inspect the bearing bore for wear or 
damage caused by contact with the 
bottom of the bearing groove in the thrust 
collar as a secondary result of extreme 
journal bearing wear and radial shaft 
motion. The diameter of the bore must not 
exceed 0.43 in (10.9 mm). Check the oil 
passages in the thrust bearing for clogging 
with dirt or other foreign material. The oil 
passages must be clean and free of all 
obstructions. 


. Inspect the thrust collar for the following 


defects: 


(a) Scratching, scoring, galling or 
excessive wear of the sides and 
bottom of the thrust bearing groove. 
The sides of the groove must be free 
of surface defects, and must be 
parallel to the collar face that is 
installed towards the centre housing. 
The width of the groove must not 
exceed 0.1752 in (4.45 mm). The 
diameter of the bottom of the groove 
must not be less than 0.370 in 
(9.4mm). 


(b) Step wear of the piston ring groove. 
The width of the groove must not 
exceed 0.066 in (1.68 mm). 


(c) Scratching, scoring, galling or 
excessive wear of the thrust collar 
end surfaces. The end surfaces must 
be free of surface defects and must be 
parallel within 0.0001 in (0.025 mm). 
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10. Inspect the centre housing bores for wear 
and other damage. All bore surfaces must 
be free of scratches and scores. The 
diameter of the journal bearing bores must 
not exceed 0.623 in (15.82 mm). The 
diameter of the standard turbine-end seal 
bore must not exceed 0.703 in (17.86 mm), 
and the diameter of the stepped turbine- 
end seal bore must not exceed 0.713 in 
(18.1 mm). 


REPAIR AND REPLACEMENT 


With reference to Figure 9. 


Ford recommends 100% replacement of the 
following parts at each overhaul, or whenever 
the turbocharger is disassembled to the extent 
that these parts are removed. 


Part Name Ref. No. 
Bolt 7, 8, 21 
Lockplate 6, 9, 20 
Seal Ring 15 
Piston Ring 2, 14 
Retaining Ring 12 
Bearing 11 


Repair or replace all other parts and assemblies 
as follows: 


1. Clean up any light wheel rub on the 
compressor housing, using silicon carbide 
abrasive cloth. If more than alight clean-up 
of damaged area is required, replace the 
housing. 


Replace all parts that do not meet 
inspection requirement. 
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REASSEMBLY 


turbochargers in reverse 
observing the 


Reassemble . all 
sequence of disassembly, 
following requirements: 


CAUTION: /f foreign matter falls into the 
turbocharger during the assembly procedures 
remove the particles immediately, even though 
extensive disassembly may be required. 


1. Fill the piston ring groove in the turbine 
wheel assembly with high vacuum silicon 
grease then install the piston ring on the 
turbine wheel assembly. 


IMPORTANT: Do not force the piston ring 
into the centre housing bore. This part is easily 
bent or broken. 


2. With the piston ring and shroud installed 
on the turbine wheel assembly, carefully 
guide the wheel assembly shaft through 
the bearings to avoid damaging the 
bearing bores. Start the piston ring into the 
bore of the centre housing by gently 
rocking the turbine wheel; then slide the 
shaft into the centre housing as far as it will 


go. 


. Engage the serrated end of the turbine 
wheel assembly in a suitable socket or box 
end wrench clamped In a vice, or install the 
turbine wheel assembly in a_ holding 
fixture, fabricated in accordance with 
Figure 10. 


. Start the thrust collar on the shaft of the. 
turbine wheel assembly; then install the 
thrust bearing in the groove of the collar, 
and slide the assembled parts down 
against the centre housing so that the pins 
engage the holes provided in the thrust 
bearing. 


. Install the backplate assembly over the 
shaft of the turbine wheel assembly and 
carefully guide the piston ring into the 
backplate bore. This can be accomplished 
easily if the ring gap is started into the bore 
first. 
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IMPORTANT: Do not force the piston ring 
into the backplate bore. This part is easily bent 
or broken. 


6. Align the bolt holes in the backplate 
assembly with the bolt holes in the centre 
housing, and install the bolts and 
lockplates. Tighten the bolts to a torque of 
75—90 inch pounds (8.47 — 10.6 Nm); then 
bend the tabs of the lockplates up against 
the bolts. 


. Install the compressor wheel onto the shaft 
of the turbine wheel asembly. 


IMPORTANT: Tighten the locknut using a 
socket wrench with a double universal joint to 
avoid bending the turbine wheel assembly 
shaft. 


8. Make sure that the front face of the com- 
pressor wheel and the washer face of 
locknut are clean and smooth. Apply alight 
coat of oil to the threads and the washer 
face of the locknut; then install the locknut 
onto the shaft and tighten it to a torque of 
18—20 inch pounds (2.03—2.26 NM), 
above the drag torque required to bottom 
the locknut. 


NOTE: Bottoming of the locknut will be 
indicated by a sharp increase above the drag 
torque observed while running the nut down. 


9. After obtaining the required torque value, 
tighten the locknut through an angle of 
90°. This additional tightening will result in 
stretching the shaft 0.0055—0.0065 in 
(0.14—0.16 mm), which is required for 
proper installation of the compressor 
wheel. (Approximately three threads 
should be visible above the locknut). 
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10. Apply a coat of high temperature com- 
pound to the threads of bolts before 
installation. 


IMPORTANT: Excessive /ooseness of the tur- 
bine housing can result in damage to the 
turbine wheel sufficient to require replacernent 
of the turbine wheel assembly. 


11. After attaching the turbine housing to the 
centre housing and rotating assembly, 
tighten the bolts just enough to prevent the 
turbine wheel from contacting the 
housing, but loose enough to permit the 
turbine housing to rotate with respect to 
the centre housing. Do not bend up the 
tabs of lockplates at this time. 


IMPORTANT: Excessive /ooseness of the 
compressor housing can result in damage to 
the compressor wheel suffficient to require 
replacement of the wheel. 


12. Orientate the assembled parts so that the 
compressor wheel is facing upwards and 
install the compressor housing onto the 
backplate assembly. Install the clamps, 
lockplates and bolts. Tighten the bolts just 
enough to prevent the housing from 
contacting the compressor wheel, but 
loose enough to permit the compressor 
housing to rotate with respect to the centre 
housing. 


13. If the match marks applied to the turbine 
housing and the centre housing during 
disassembly are visible, align these marks. 
Tighten the bolts to a torque value of 
100 — 130 inch pounds (11.29— 14.68 Nm), 
and bend the tabs of the lockplates up 


against the bolts. 


Figure 13 
Measuring Mainshaft Bearing Radial Tolerance 
1. Magnetic Dial Indicator Base 
2. Indicator Gauge 
3. Indicator Plunger 
4. Oil Port 
5. Compressor Housing 


NOTE: 7Jighten stainless steel bolts to a torque 
value of 140—170 inch pounds (15.81— 
19.19 Nm). 


14. If the match marks applied to the 
compressor housing and centre housing 
during disassembly of the turbocharger are 
visible, align these marks. Tighten the 
bolts, to a torque of 100— 130 inch pounds 
(11.29— 14.68 Nm), and bend the tabs of 
the lockplates up against the bolts. 


15. Prelubricate the turbocharger as detailed in 
this manual under “INSTALLATION”. 
Check the bearing clearance, start with 
Step 3 of the following section: ‘Bearing 
Clearance Inspection Procedures’. 
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BEARING CLEARANCE INSPECTION 
PROCEDURES 


When there is reason to suspect that the turbo- 
charger bearings are sufficiently worn to 
permit either the compressor or turbine wheel 
to rub in its housing such as when there is an 
audible indication of rubbing, it is 
recommended that the following bearing 
Clearance inspection procedures’ be 
performed. 


1. Remove the air cleaner tube boot from the 
compressor air inlet, and remove the 
exhaust duct from the turbine exhaust gas 
Outlet. 


2. Disconnect the oil supply line from the oil 
inlet port at the top of the turbocharger 
centre housing. Swing the oil supply line 
clear to provide access to the turbocharger 
oil inlet port. 


3. Attach a dial indicator to the centre 
housing so the indicator plunger extends 
through the oil inlet port and contacts the 
shaft of the turbine wheel assembly, Figure 
13. 


4. Manually apply pressure equally and simul- 
taneously to both the compressor and tur- 
bine wheels as required to move the 

‘turbine wheel assembly shaft away from 
the dial indicator plunger as far as it will go. 


5. Set the dial indicator to zero. 


6. Manually apply pressure equally and simul- 
taneously to both the compressor and tur- 
bine wheels as required to move the 
turbine wheel assembly shaft toward the 
dial indicator plunger as far as it will go. 
Note the maximum shaft movement 
shown on the indicator dial. 
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NOTE: Make sure that the dial indicator 
reading is the maximum reading obtainable, 
verified by rolling the wheels slightly in both 
directions while applying pressure. 


7. Manually apply pressure equally and 
simultaneously to the compressor and 
turbine wheels as required to move the tur- 
bine wheel assembly shaft away from the 
dial indicator plunger as far as it will go. 
Note that the indicator pointer returns 
exactly to zero. 


8. Repeat steps 4 through 7 as required to 
make sure that the maximum clearance 
between the centre housing bores and the 
shaft bearing diameters, as indicated by 
the maximum shaft movement, has been 
obtained. 


9. If the maximum bearing radial clearance is 
less than 0.003 in (0.7 mm) or greater than 
0.006 in (1.5 mm), remove and overhaul 
the turbocharger. If the turbocharger has 
been overhauled the compressor wheel 
and turbine wheel assembly require 
replacement. 


IMPORTANT: Continued operation of turbo- 
charger having an excessive amount of bearing 
radial clearance will result, and probably very 
quickly, in irreparable damage to_ the 
compressor wheel or housing or to the turbine 
wheel or housing. 


10. Mount a dial indicator at the turbine end of 

_ the turbocharger so the dial indicator tip 
rests on the end of the turbine wheel 
assembly, Figure 89. 


11. Manually move the compressor wheel and 
turbine wheel assembly alternatively away 
from and toward the turbine end of the 
turbocharger. Note the travel of the 
turbine wheel assembly in each direction 


shown on the indicator dial. 
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Figure 14 


Measuring Mainshaft Thrust Bearing Horizontal 
Clearance 


1. Dial Indicator Tip 

2. Turbine Wheel Assembly 
3. Clamp 

4. Dial Indicator Gauge 


12. Repeat Step 11 as required to make sure 
tha the maximum clearance between the 
thrust bearing components, as indicated 
by the maximum turbine wheel assembly 
travel, has been obtained. 


IMPORTANT: Continued operation of a tur- 
bocharger having an excessive amount of 
thrust bearing axial clearance will result in 
irreparable damage to the compressor wheel 
and housing or to the turbine wheel assembly. 


13. If the maximum thrust bearing axial 
clearance is less than 0.001 in. (0.02 mm), 
or greater than 0.004 in (0.1 mm), remove 
and overhaul the turbocharger. If the tur- 
bocharger has been overhauled’ the 
compressor wheel and turbine wheel 
assembly require replacement. 
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INSTALLATION 


1. Prior to installation fill the turbocharger 
centre housing with new clean engine oil 
and rotate the main shaft to lubricate the 
bearings. 


2. Installation of the turbocharger follows the 
removal procedure in reverse. Install anew 
gasket and tighten the turbocharger retain- 
ing nuts to the specified torque, see 
‘Specifications’, Chapter 6. 


IMPORTANT: Whenever a turbocharger is 
installed in a tractor, the following procedure 
should be followed. 


(i) Connect the oil supply tube to the 
turbocharger and tighten the con- 
nection securely. 


(ii) Do not connect the oil return tube to 
the turbocharger at this time. 


(iii) Connect the air inlet-to-turbocharger 
tubes and the _ turbocharger-to- 
exhaust tubes. Tighten all locations 
securely. 


(iv) Place a container under the oil return 
passage of the turbocharger bearing 
housing. 


(v) Crank the engine with the diesel 
engine stop control pulled out. Oi! 
under pressure frorm the engine 
lubrication system will flow out of the 
turbocharger. 


(vi) Connect the oil return tube to the 
turbocharger and_ tighten the 
connection securely. 


Check the engine oil level and add oil if 
required. Idle the engine and check all tubes 
and gaskets for leaks. Run the engine at rated 
speed and listen for sounds of metallic contact 
from the turbocharger. If any noise is 
apparent, stop the engine immediately and 
correct the cause. 


NOTE: After the unit has obtained operating 
temperatures, the rotating assembly should 
coast freely to a stop after the engine is 
stopped. If the rotating assernbly jerks to a 
sudden stop, the cause should be corrected 
immediately. 


C. TROUBLE SHOOTING 


It is important when trouble shooting a sus- 
pected turbocharger malfunction to keep in 
mind that a turbocharger cannot compensate 
for incorrect engine operating procedures; 
deficiencies of the engine air intake, fuel or 
exhaust systems; or for damaged engine com- 
ponents such as valves, pistons, rings, liners, 
etc. Replacing a good turbocharger with 
another will not correct engine deficiencies. 
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Consequently, systematic trouble shooting of 
a suspected turbocharger failure is essential for 
two very important reasons. First, it must be 
determined what, if anything, is wrong with 
the turbocharger so that it can be repaired. 
Second, it must be determined what action will 
prevent a recurrence of the failure. 
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In many cases, the evidence required to 
determine the cause of a malfunction is 
destroyed in the process of removing the tur- 
bocharger from the engine. For example, if a 
turbocharger failed as the result of a faulty 
installation (such as loose duct connections 
that permitted ingestion of dirt by the com- 
pressor), this fact would not be evident once 
the turbocharger was removed from the 
engine. Furthermore, failure to take appro- 
priate steps to assure correct installation (such 
as repairing or replacing defective clamps or 
ducting could cause the replacement unit to 
fail in a similar manner. 


The following Trouble Shooting Chart 
contains information pertaining to probable 
failure modes of turbocharged engines, 
possible causes for such failures, and the 
maintenance action required to remedy each 
possible cause. It is not intended that this 


information be all-inclusive. On the contrary, 
this information should be _ considered 
primarily as representative of the methods or 
techniques that should be employed in trouble 
shooting a turbocharged engine malfunction. 


In general, those trouble shooting procedures 
that can be performed with the least effort and 
in the least amount of time should be 
performed first. No removal or disassembly 
procedures should be performed until all visual 
inspections, which can be accomplished with 
the turbocharger installed, have been 
performed. The possible causes and procedure 
are generally arranged in the order of ease of 
accomplishment. 


TURBOCHARGER TROUBLE SHOOTING CHART 


SYMPTOMS POSSIBLE CAUSES 


1. Engine lacks power or emits 
black smoke 


e Dirty air cleaner (See Notes A and H) 


e Loose compressor-to-intake manifold 
connections (See notes B and C) 


e Leak at engine intake at turbocharger 
mounting flange (See Notes D, F & G) 


e Turbocharger rotating assembly binding 
(See Note K) 


e Air cleaner to turbocharger duct restricted 
(See Note H) 


¢ Compressor to intake manifold duct 
restricted (See Note H) 


e Engine exhaust system restricted 


e Engine malfunction (rings, pistons, valves, 
etc.) 
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POSSIBLE CAUSES 


SYMPTOMS 


e Dirty air cleaner (See Notes A and H) 


2. Engine exhaust emits blue smoke 


¢ Loose compressor-to-intake manifold 
connections (See Notes B and C) 


e Leak at engine intake manifold (See 
Note F) 


e Plugged engine oil filter 


e Restricted duct between air cleaner and 
turbocharger compressor (See Note H) 


© Seal leak at compressor end of 
turbocharger 


e Engine malfunction (rings, pistons, 
valves, etc.) 


e Wrong type or viscosity of engine 
lubricating oil 


3. Excessive engine oil consumption 


© Seal leaks at compressor end of 
turbocharger (indicated by oil in housing 
or on wheel) 


© Oil in engine exhaust manifold (caused by 
malfunction of rings, pistons, valves, etc.) 


e Dirty air cleaner (See Notes A and H) 


4. Noisy turbocharger 


e Foreign material or object in compressor- 
to-intake manifold duct (See Note H) 


e Foreign object in engine exhaust system 


¢ Carbon build-up in turbine housing 


e Turbocharger rotating assembly binding or 
dragging 


5. Turbocharger rotating assembly e Damaged compressor wheel (See Note J) 


binding or dragging 


¢ Damaged turbine wheel 


e Compressor or turbine wheel rubbing on 
housing due to worn bearings, shaft 
journals or bearing bores 


e Excessive dirt build-up in compressor 
(housing or wheel) 


e Excessive carbon build-up behind turbine 
wheel (overhaul turbine) 


e Slugged or coked centre housing (check 
engine lube system, overhaul 
turbocharger) (See Note 1) 
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SYMPTOMS POSSIBLE CAUSES 


6. Seal leaks at compressor end of e Dirty air cleaner 


turbocharger e Restricted duct between air cleaner and 
turbocharger 


e Loose compressor-to-intake manifold duct 
connections 


e Leaks at engine intake manifold 
e Restricted turbocharger oil drain line 
e Plugged engine crankcase breather 


e Worn, damaged compressor wheel (worn 
bearings, bores or journals) 


e Excessive piston blowby or high internal 
crankcase pressure 


7. Seal leaks at turbine end of e Excessive pre-oiling 


turbocharger e Plugged engine crankcase breather 


e Restricted turbocharger oil drain line 

e Sludged or coked centre housing 

e Worn turbocharger bearings, bearing 
bores or shaft journals 


8. Worn turbocharger bearings, bores e Inadequate pre-oiling following 
or journals turbocharger installation or engine lube 
servicing 


e¢ Contaminated or improper grade of engine 
oil used in engine 

e Insufficient oil supplied to turbocharger 
due to ‘oil lag’ 

e Restricted turbocharger oil feed line 

e Plugged engine oil filter 


e Abrasive wear due to flaking of ‘coked’ 
particles from centre housing interior 
surface 


e Insufficient lube oil supplied to 
turbocharger due to engine oil pump 
malfunction 


NOTES 


A. Refer to Engine Section of Service Manual B. With the engine stopped, check the duct 
for servicing procedures. clamping devices for tightness. 
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CAUTION: Always start the engine from the 
tractor seat. Never start the engine from the 
ground. 


With the engine running at idle speed, 
lightly spray duct connections with 
starting fluid. Leaks at connections will be 
indicated by an increase in engine speed 
due to the starting fluid being drawn into 
the compressor and pumped into the 
engine combustion chambers. 


. With engine running at idle speed, check 
duct connections for leaks by applying 
light weight oil or soap suds to areas of 
possible leakage and observing for 
bubbles. Exhaust gas leakage between the 
cylinder head, exhaust manifold and the 
turbocharger inlet will also create a noise 
level change. 


With engine running at idle speed, check 
for unusual noise and vibration. If either 
condition is noted, shut down the engine 
immediately to protect the turbocharger 
and engine from further damage. With the 
engine stopped, check the turbocharger 
shaft wheel assembly for damage as out- 
lined in Note I. 


F. With engine running, achange in the noise 
level to a higher pitch can indicate air 
leakage between the air cleaner and the 
engine, or a gas leak between the. engine 
block and the turbocharger inlet. 


. Exhaust gas leakage may be indicated by 
heat discolouration in the area of the leak. 


. With the engine running, noise level 
cycling from one level to another can 
indicate a plugged air cleaner, a restriction 
in the air cleaner-to-compressor duct, ora 
heavy build-up of dirt in the compressor 
housing or on the compressor wheel. 
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|. Internal inspection of the centre housing 
can be accomplished by removing the oil 
drain line and looking through the oil drain 
opening. When a sludged or coked 
condition exists, a heavy sludge build-up 
will be seen on the shaft between the 
bearing journals and in the centre housing 
from the oil drain opening back to the 
turbine end. 


Thorough cleaning of the air induction 
system is essential following compressor 
wheel damage due to foreign object 
impact. In many cases, metal pieces from 
the wheel become imbeded in the air 
cleaner element. If the element is not 
changed in such cases, these metal pieces 
can be drawn into the replacement turbo- 
charger and cause it to fail in the same 
manner as the original unit. 


With the air inlet and exhaust gas ducting 
removed from the turbocharger, examine 
both the compressor and turbine wheels 
for blade damage. Examine the outer blade 
tip edges for evidence of rubbing on 
adajacent housing surfaces. 


NOTE: A /ight is required for examining the 
turbine wheel blade tips, which are positioned 
inside the turbine housing. The surfaces 
requiring inspection can be viewed from the 
outlet end of the turbine housing. 


Rotate the rotating assembly by hand and feel 
for smooth turning, dragging or binding. Push 
the rotating assembly sideways while rotating 
to feel for wheel rub. If there is any indication of 
rubbing, perform the bearing clearance 
inspection procedures outlined in this manual 
under Preventative Maintenance. If the 
rotating assembly rotates freely and there is no 
evidence of binding or rubbing, it can be 
assumed that the turbocharger is serviceable. 
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A. DESCRIPTION AND OPERATION 


The intercooler on the Ford TW-35 Tractor 
cools the air from the turbocharger before it 
enters the intake manifold. Cooling the air 
increases its density and provides a greater air 
mass. This permits increased fuel delivery to 
the engine and a corresponding increase in 
engine horsepower. 


The system functions as follows. Refer to 
Figure 1. 


Intake air from the air cleaner is compressed by 
the turbocharger and forced under pressure 
towards the intake manifold. Approximately 


10% of this high pressure air is channelled off: 


to drive a tip turbine fan before escaping to 


atmosphere. The remaining 90% of the intake . 


air is directed through the intercooler matrix 
where it is cooled by a continuous flow of cool 
filtered air from the tip turbine fan. The 
pressurised intake air has a greater density as a 
result of the cooling and a higher volume of 
fuel can be burnt in the correct air/fuel ratio to 
give increased power. 


Air entering the pre-cleaner is directed through 
tubes which spin the air. This spinning or 
centrifugal action removes contaminents from 
the air. The vacuum created by the engine 


exhaust removes the contaminents from the 
pre-cleaner and discharges them through the 
tractor exhaust system. 


Figure 1 
Turbocharger Intercooler 


. Tip Turbine Fan 

. Intercooler Air Intake with Exhaust Aspirated 
Air Cleaner 

Turbocharger 

Engine Exhaust Manifold 

Engine Air Cleaner with Exhaust Aspirator 
Engine Intake Manifold 

. Engine Exhaust Silencer 

. Intercooler Matrix 
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Figure 2 
Removing Fitting Assembly 
. Inlet Fitting 
. Washer 
. Screw 
. Gasket 
. Tip Turbine Fan Assembly 
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Figure 3 

Removing Inlet Housing Assembly 
. Turbine Fan Assembly 
. Inlet Housing Assembly 
. Lockwasher 
Screw 
Cover 
Screw 
Sound Baffle 
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B. INTERCOOLER OVERHAUL 


Remove the tractor hood and panels to permit 
access to the engine and intercooler. 


The intercooler consists of the pre-cleaner, the 
tip turbine fan and housing, and the heat 
exchanger, Figure 1. 


To repair the intercooler, remove the complete 
intercooler or remove the pre-cleaner, the tip 
turbine fan or the heat exchanger as required. 


DISASSEMBLY PRE-CLEANER 


The pre-cleaner is a welded assembly and 
requires little service or overhaul beyond 
examining the sheet metal for damage, 
corrosion and an unrestricted flow of air. 


TIP TURBINE FAN 


1. Remove the screw, Figure 2, and 
lockwashers. Remove the inlet fitting from 
~ the turbine housing assembly. 


2. Remove the gasket and bridge from the 
‘turbine housing assembly. 


3. Remove the screws, Figure 3 and turbine 
exhaust cover, or sound baffle from the 
inlet housing assembly. 


4. Remove the screws, lockwashers and inlet 
housing from the turbine housing 
assembly. 


NOTE: /f necessary, tap the inlet housing 
flange with a brass or lead mallet to break the 
interface seal. 


Figure 4 
Removing Wheel 


1. Turbine and Discharge Housing Assembly 
2. Wheel 

3. Locknut 

4. Wheel Cover 


5. Secure the tip turbine fan discharge end to 
a table or in a vice, and using a suitable 
8-point socket wrench, hold the square 
end of the shaft at the inlet end of the tip 
turbine fan to keep the shaft from turning. 


6. Using a %, 12-pt. socket wrench, remove 
the locknut, Figure 4. 


7. Remove the wheel cover and wheel from 
the turbine and discharge housing 
assembly. 


NOTE: /t is not necessary to separate the 
turbine housing assemblies to determine their 
re-usability. Therefore, the procedures 
described in Step 8 below, may be deferred 
until after these parts have been inspected. If 
replacement of neither part is required, Step 8 
may be omitted. 
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Figure 5 
Removing Turbine Housing Assembly 


1. Discharge Housing Assembly 
2. Turbine Housing Assembly 
3. Screw 


8. Using a scriber, match mark the turbine 
housing assembly and discharge housing 
assembly to facilitate proper orientation of 
these parts at reassembly. Remove the 
screws and turbine housing, Figure 5. 


9. Remove the retaining ring, Figure 6, and 
grease the cup. Withdraw the_ shaft 
assembly from the housing far enough to 
permit access to the O-ring. With a sharp 
tool, remove the O-ring from its groove. 
Withdraw the shaft and bearing assembly 
the rest of the way from the housing. 
Remove the retainer and shims, from the 
shaft assembly. 


NOTE: The shims behind the wheel are for 
correct wheel-to-housing clearance. Do not 
misplace or damage. The bearing outer race 
may separate from the bearing and inner race 
while withdrawing the shaft and bearing from 
the assembly. 
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Figure 6 
Removing Shaft and Bearing Assembly 


. Discharge Housing 

O-Ring 

. Grease Cup 

. Retaining Ring 

. Retainer 

Shim 

. Shaft and Bearing Assembly 


NOORWN = 


10. Remove the bearing spacer, Figure 7. 


11. It is not necessary to remove the washer 
shields and spring, unless the spring is 
damaged (e.g. lack of axial spring tension). 


12. Do not remove the plug cup, Figure 8, and 
retaining ring unless damaged. 


CLEANING 


Before cleaning, inspect all parts for evidence 
of rubbing or impact damage that might not be 
evident after cleaning. Such evidence may be 
useful in analysing fan failures resulting from 
defective components exterior to the fan. 


WARNING: Vo/atile cleaning agents 

are biologically toxic, and should be 
used only in a well ventilated area, removed 
from vicinity of elevated temperature or open 
flame. Avoid prolonged or repeated contact 
with skin and inhalation of vapours. Do not 
smoke in presence of these materials. 


Figure 7 
Removing Spring and Bearing Spacer 
. Discharge Housing 
. Washer Shield 
. Washer Shield 
. Bearing Spacer 
. Spring 
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Clean all parts in a non-caustic cleaning 
solution. Use a bristle brush, a plastic blade 
scraper, and dry compressed air to remove 
surface accumulations. Completely remove all 
surface matter. 


INSPECTION 


Visually inspect tip turbine fan parts as follows: 


1. Inspect all tapped holes for worn, stripped 
Or crossed threads and for corrosion. 
Threads must be free of corrosion and in 
good condition. 


2. Inspect the inlet housing assembly, Figure 
3, the wheel, Figure 4, and turbine housing 
assembly, Figure 5, for evidence of wheel 
rub. See Table 1 for wheel bore diameter 
service limits. 
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4. \Inspect shaft for worn, stripped or crossed 
threads. Threaded portions of the shaft 
must be free from such defects. See 
Table 1 for journal diameter service limits. 


5. Dimensionally inspect tip turbine fan parts 
in accordance with Table 1. 


6. Inspect turbine and cooling air passages 
for road salt encrustation. 


Figure 8 7. Inspect the check valve for cleanliness and 
Removing Plug Cup and Retaining Ring freedom of movement. 
1. Plug Cup 
2. Retaining Ring 
3. Discharge Housing 
8. Inspect the retaining ring, Figure 6, grease 
cup, and ball bearing on the shaft and 
bearing assembly, for mating surface wear 
and frettage. 


3. Inspect the turbine housing assembly, for 
erosion of nozzle blades. Both leading and 9. Inspect the ball bearings for roughness and 
trailing edges of blades must be rounded freedom of movement by applying slight 
and not worn to a knife edge. presure to the wheel and turning by hand. 


TABLE 1 


TIP TURBINE FAN SERVICE LIMITS 


PART NAME DIMENSION INSPECTED| FIGURE 
(INDEX NO.) 


Shaft Dia. (Bearing Location) 6-(7) 


SERVICE LIMITS 


Dia. (Wheel Location) 


Discharge Housing Assy.| Bearing bores 
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REPAIR OR REPLACEMENT 


1. 


Replace all parts, regardless of condition, 
for which like parts are supplied. 


Clean up any light wheel rub damage to the . 


inlet housing assembly, Figure 3, turbine 
housing assembly, Figure 5, and wheel, 
Figure 4, using silicone carbide abrasive 
cloth. If more than a light clean-up of the 
damaged area is required, replace the part. 


Replace all parts that do not meet 
inspection requirements or cannot be 
repaired. 


NOTE: /f either the turbine housing or dis- 
charge housing assembly is to be replaced, 
duplicate the match-mark on the defective 
part(s) applied during DISASSEMBLY before 
discarding the old part(s). 


REASSEMBLY 


If the retaining ring, Figure 8, and plug cup 
were removed, re-install into the discharge 
housing. 


Install the washer shield, Figure 7, spring 
washer shield and bearing spacer. 


NOTE: 7he grease cup, the free space within 
the bearing spacer, and the free space 
between the bearings of the shaft and bearing 
assembly should be 50% filled with the correct 
grease, see ‘Specifications’, Chapter 6. 


3. Lubricate and install the O-ring, Figure 6, 


shaft and bearing assembly, shims, 
retainer, grease cup and retaining ring. 


If the discharge housing, Figure 5, and 
turbine housing assembly, were 
separated, assemble the two housing 
assemblies and align the match marks. 
Install the screws and tighten to a torque of 
100— 120 in. Ibs. (11.29— 13.55 Nm). 


Slide the wheel, Figure 4 onto the shaft as 
far as it will go and install the wheel cover. 


Secure the tip turbine-fan discharge end to 
a table or in a vice. Using a suitable 8-pt 
socket wrench, hold the square of the 
shaft at the inlet end of the tip turbine fan 
to keep the shaft from turning. 


Install the nut, using a %, in 12-pt socket 
wrench. Do not tighten the nut to final 
specified torque. 


Determine the thickness of shims required 
to establish clearances between the inlet 
housing assembly, the wheel and the 
turbine housing assembly necessary for 
correct fan operation as follows: 


(a) Mountadialindicator on Surface A of 
the turbine housing assembly, Figure 
9. 


(b) Swing the dial indicator so the tip of 
the spindle rests on Surface A, and 
set the indicator to zero. 


(c) Swing the dial indicator so the tip of 
the spindle rests on Surface B. 


(d) Record the distance between 
Surfaces A and B as indicated by the 
dial indicator. 
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Figure 9 
Determining Wheel Shimming Requirements 
. Support 
. Surface A 


. Turbine Housing Assembly 
. Turbine Fan Wheel 


Surface B 


. Thrust Direction 


Plunger 


(e) 


(f) 


. Dial Indicator 


Mark the wheel with a pencil or felt tip 
pen at the point of the reading taken 
in step d; then, rotate the wheel as 
required to obtain measurements at 
three more locations on Surface B, to 
provide a total of four readings 90° 
apart. Record the distance between 
Surfaces A and B at each location. 


Using the four readings obtained in 
steps (e) and (f), compute the 
average distance between Surfaces A 
and B. The computed average is the 
thickness of shims that must be 
installed between the wheel and the 
bearing to axially locate the wheel on 
the shaft for correct fan operation. 


NOTE: When the whee! is properly positioned 
on the shaft, Surfaces A and B lie in the same 
plane within + 0.005 in (+ 0.13 mm). 
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9. If the wheel is not properly positioned on 


shaft, proceed as follows: 


(a) Remove the nut, wheel cover and 
wheel from the shaft. 


(b) Install the quantity of shims required 
to equal as nearly as possible the 
average thickness obtained in Step (f) 
on the shaft, and install the wheel and 
wheel cover. 


10. Install the locknut in accordance with 


Vi 


12. 


paragraphs 6 and 7 and tighten to a torque 
of 145— 155 in Ibs (16.37— 17.50 Nm). 


Install the cover, Figure 3, and screws. 


Position the inlet housing on the turbine 
housing assembly, align the screw holes, 
and install the washers and screws. 
Tighten the screws to 140—160 in Ibs 
(15.81— 18.10 Nm). 
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13. Rotate the wheel by hand while applying 
slight pushing and pulling pressure. 
Recheck wheel-to-housing clearance if 
drag or binding is noticed. Replace the tip 
turbine fan if wheel-to-housing rub cannot 
be eliminated by correct shimming. 


14. Install the check valve, Figure 2, into the 
turbine housing assembly. 


INSTALLATION 


Installation follows the removal procedure in 
reverse. 


C. HEAT EXCHANGER SERVICE AND OVERHAUL 


DESCRIPTION 


The heat exchanger consists of a cross-flow 
core, two mounting/sealing gaskets and two 
“‘D" end sealing strips. Refer to Figure 11, for 
parts identification. 


OPERATION 


The heat exchanger is mounted in the 
intercooler housing which is bolted to the 
intake manifold housing. It is located between 
the turbocharger air discharge cross duct and 
the intake manifold laterals, Figure 12. Cooling 
air from the tip-turbine fan is directed through 
passages in the intercooler core to reduce the 
temperature of the compressed air passing 
through the core before entering the intake 
manifold. This reduction of air temperature 
increases charge air density and permits higher 
fuel delivery and a corresponding increase in 
horsepower. 


SERVICE 


General maintenance of the unit can be 
performed while the unit is on the engine. 
Servicing will require removal of the tip-turbine 
fan to allow inspection of the fan side of the 
intercooler. If dirt has accumulated on the 
intercooler face, the dirt should be removed by 
vacuum cleaning. If oil has accumulated on the 
intercooler face, it can be cleaned using steam 
with a mild detergent and flushed with water. 
Steam and water should be directed through 
the opening where the tip turbine fan mounts. 


IMPORTANT: Jake care not to contact the 
cooler core with the metal spray nozzle. 


Removal of the core should not be required 
generally for servicing. In the event removal is 
required, the resilient mount/gaskets should 
be replaced. 
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Figure 10 
intercooler 


Core 

End ‘‘D”’ Seal 

. Wide Fin (Cooling Air) 

. Narrow Fin (Charge Air) 
Gasket 
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NOTE: Mark the top of the cooler core before 
removal, so that it will be re-installed with same 
side up, if gasket is not replaced. 


DISASSEMBLY 


For resilient mount/gasket replacement and 
cleaning of the core out of the manifold, 
remove the core and proceed as follows: 


NOTE: /f the heat exchanger is to be removed 
from the intercooler housing, the intercooler 
assembly (housing, heat exchanger and cover) 
should be removed from the intake manifold to 
prevent contaminants from entering the intake 
system. 


1. After the intercooler is removed from the 
manifold housing, pull off the old gaskets, 
Figure 13. 


Figure 11 

Air Cooling System Schematic 
. Turbocharger 
. Exhaust Manifold 
Intake Manifold 
Heat Exchanger 
Charge Air 
Tip Turbine Fan 
Bleed Line 
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NOTE: Give close attention to which surface 
of the gasket is attached to the cooler core, for 
correct reassembly, Figure 17. 


2. With arazor blade or sharp knife, cut away 
excessive gasket as close to the core as 
possible. It is not necessary to remove all 
the bonding material out of the depressed 
areas since the new gasket will seal well to 
the slightly uneven old gasket surface. 
Remove all loose shavings and cutting. 


3. Steam clean, rinse thoroughly with 
water, dry with air hose. 


NOTE: Avoid using heavy-duty caustic 
cleaners. Standard mild steam _ cleaning 
solutions for automotive use are acceptable 
provided the cleaning is followed by a 
thorough water rinse and the rinse water is 
blown off with an air hose. 


Do not use petroleum base solvents for 
cleaning the cooler on the engine. 
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INSPECTION 


Check for passage cleanliness and blockage. 
Reclean and rerinse if necessary. 


REASSEMBLY 


NOTE: Unit must be clean and dry before 
reassembly. 


1. Place the unit on a flat work bench, gasket 
surface up. (Turbocharger airflow arrow 
up or down). 


2. Soak a clean rag with alcohol or acetone, 
and swab the old gasket surface and new 
gasket to remove all oil residue. 


3. Runa bead of a proprietary mastic sealant 
around the mating surfaces leaving no 
gaps, Figure 13. 


4. Place the gasket on the core and adjust into 
place. 


5. Invert the intercooler and repeat Steps 2, 3 
and 4 for the second gasket. 


If the end seals are damaged, proceed with 
steps 6 and 7; otherwise, omit these steps 
and proceed with Step 8. 


6. Swab the end plate of the intercooler with 
alcohol or acetone. Swab the new end 
seals with alcohol or acetone. 


7. Runadouble bead of bonding agent on the 
end seals and press into place on the end 
plates. Hold the end seals in position with 
string or tape wrapped around the entire 
unit. 


8. Check all the gaskets to make sure they 
have not moved during handling. 


NOTE: Gaskets may be adjusted during the 


_ first 5 minutes while the bonding agent is 


curing. 


9. Let the entire unit stand undisturbed for 4 
hours minimum _ before _ installing. 
Complete cure of the bonding agent 
requires approximately 24 hours. 


TEST 


Visually inspect the bond to make sure that the 
gasket is firmly attached all the way round. 
Gaps which are found should be filled with 
additional bonding agent, which should be 
allowed to cure. 


INSTALLATION PREPARATION 


Wipe the manifold or gasket surfaces with 
talcum powder before installing the intercooler 
in the manifold to prevent the gasket sticking. 


NOTE: Do not use petroleum base grease or oil 
for this purpose. 
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Figure 12 
Gasket Replacement 


1. Pull of the old gasket and cut away excessive gasket bonding material 
2. Run a bead of bonding material around the top of the core. Place a new gasket on top of the core and 


adjust into place 
3. Turn the core over and repeat the process 
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Chapter 4 
COOLING SYSTEM 


SECTION Page 
DESCRIPTION AND OPERATION 1 
B. RADIATOR AND THERMOSTATS 3 
C. ©WATER PUMP 5 
D. COOLING FAN AND DRIVE ASSEMBLY 8 


A. DESCRIPTION AND OPERATION 


The cooling system is one of the re-circulating 
bypass type with full length water jackets for 
each cylinder. The coolant is drawn from the 
bottom tank of the radiator by the water pump 
which passes the coolant to the cylinder block. 
The coolant flows through cored passages to 
cool the cylinder walls. At the rear of the 
cylinder block the coolant passes upwards and 


into the cylinder head. Cored passages. 


conduct the coolant to the fuel injector nozzle 
locations before reaching the thermostat. 


lf the thermostats are closed, a full flow bypass 
is provided allowing all of the coolant to 
recirculate from the head to the block for faster 
warm-up. When the thermostats are open, 
coolant flows from the head through the 
thermostat housing to the top radiator tank. 
Cooling is accomplished as the coolant flows 
down through the radiator tubes and is cooled 
by airflow from the engine cooling fan. 


The engine cooling fan is mounted on a 
viscous drive hub which is belt driven from the 
crankshaft. 


The viscous drive allows the fan to operate 
only when required by the cooling system, 
permitting a faster engine warm-up and 
reducing fan power consumption and noise 
levels, Figure 1. 


Figure 1 
Cooling Fan and Drive Assembly 


1. Viscous Drive Hub Assembly 
2. Temperature Sensing Coil 
3. Fan Blade Assembly 
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Figure 2 
A. Cool Air from Radiator/Fan Idling 
B. Hot Air from Radiator/Fan Driving 


Drive Member 

Fan Blade Assembly 
Fan Hub 

Bearing 

Reservoir 

. Viscous Liquid 
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Air temperature behind the radiator is sensed 
by a bi-metallic coil located in the centre of the 
fan hub face. When a predetermined tempera- 
ture is reached the coil opens a valve within the 


hub which allows a viscous liquid to pass from ' 


an integral reservoir to the drive area, due to 
centrifugal force, Figure 2. 


Within the drive area are two sets of inter- 
locking annular fins, one set on the drive 
member and the other on the free-wheeling 
hub body to which the fan blade assembly is 
attached. Viscous liquid passes between the 
interlocking blades and the resulting drag 
transmits torque to the fan. The fluid is then 
recirculated to the reservoir by a pump plate 
incorporated in the drive member. 


When the air temperature behind the radiator 
drops sufficiently, the bi-metallic coil closes 
the valve preventing fluid from entering the 
drive area and the fan hub is allowed to idle 
with respect to the drive member. 


7. Annular Fins: Fan Hub 

8. Annular Fins: Drive Member 
9. Bi-Metallic Coil 

10. Valve Assembly 

11. Pump Plate 


MAINTENANCE 
CLEANING THE COOLING SYSTEM 


Normally, rust, sludge, and other foreign 
material can be removed from the cooling 
system by using a cooling system cleaning 
solvent. However, in severe cases, pressure 
flushing may be required. Various types of 
flushing equipment are available. A pulsating 
or reversed-flow flushing will loosen sediment 
more quickly and more efficiently than a steady 
flushing in the normal direction of coolant 
flow. If pressure flushing is to be used, always 
remove the thermostat and make sure the 
cylinder head bolts are tightened properly 
before flushing. After the cooling system has 
been cleaned and filled, a good commercial 
rust inhibitor should be added. However, the 
rust inhibitor is not necessary if the cooling 
system is to be conditioned with permanent 
antifreeze containing rust inhibitor. 
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Remove the hoses from the oil cooler and flush To fill the system, close the drain cocks, fill the 
the cooler on the TW-35. Replace gaskets and system with coolant and add rust inhibitor or 
O-ring. antifreeze, according to the season and 
locality. 
DRAINING AND FILLING THE COOLING 
SYSTEM 


To drain the cooling system, open the drain All permanent antifreeze sold by reputable 
cock on the right-hand side of the engine manufacturers contains an anti-rust additive. 
block, and the radiator outlet on the lower Therefore, the addition of rust inhibitor when 
right-hand side of the radiator. Open the permanent antifreeze is used will not generally 
radiator pressure cap to speed draining. by necessary. 


B. RADIATOR AND THERMOSTAT 


RADIATOR 5. Fully discharge the air conditioning 
system, where fitted, see Part 13 — 
REMOVAL ‘Accessories and General’. Disconnect the 


lines to the condenser. 
1. Remove the side panels, pre-cleaner, top 


hood panel, grille and grille panels. 6. Remove the bolts that retain the radiator, 
oil cooler and condenser, (where fitted), 
2. Drain the coolant from the radiator. support the assembly. 


3. Disconnect the radiator hoses from the 


radiator. 7. Remove’ the_ radiator, oil cooler, 
condenser, (where fitted), and fan shroud 
4. Disconnect the hydraulic oil cooler tubes. from the support assembly. 


Figure 3 Figure 4 


Radiator Removal — TW-5 and TW-15 Radiator Removal — TW-25 and TW-35 
1. Radiator Support 1. Radiator Support 
2. Oil Cooler/Condenser 2. Oil Cooler/Condenser 
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Figure 5 
Thermostats 


1. Fan Hub 
2. Thermostats 
3. Thermostat Housing 


INSPECTION AND REPAIR 
1. Check the radiator for leaks. 
2. Check the fins for distortion. or clogging. 


NOTE: Any radiator repairs should be 
performed by a reputable radiator repair 
specialist. 


INSTALLATION 


1. Installation follows the removal procedure 
in reverse. Close the drain cocks before 
filling the radiator. 


2. Fill the cooling system with the correct 
amount of antifreeze for local weather 
conditions, see ‘Specifications’, 
Chapter 6. 


3. Run the engine for several minutes and 
check for leaks. 


4. Evacuate and recharge the air conditioning 
system, where fitted. 


THERMOSTATS 


The thermostats are located in the thermostat 
housing at the front of the cylinder head, 
Figure 5. Thermostat opening and full open 
temperatures are listed in ‘Specifications’, 
Chapter 6. 


REMOVAL 


1. Drain the cooling system to below the level 
_ Of the cooling outlet connection. 


2. Remove the coolant outlet connection 


retaining bolts and slide the connection 
with the hose attached to one side. 


3. Remove the thermostats and gasket, 


Figure 5. 
INSPECTION 


1. Place the thermostat in a container of 
water and heat the water. If the thermostat 
valve does not open at or near the specified 
temperature, or fails to close, install a new 
thermostat. For opening temperature, see 
‘Specifications’, Chapter 6. 


INSTALLATION 


1. Clean the coolant outlet connection and 
cylinder head or manifold surface. Coat a 
new coolant outlet connection gasket with 
sealer. Position the gasket on the cylinder 
head. 


NOTE: 7he gasket must be positioned on the 
cylinder head before the thermostat Is 
installed. 


2. Position the thermostats in the recess of 
the thermostat housing so that the heat 
element is down. 


3. Coat a new outlet gasket with sealer and 
install. 


4. Position the water outlet connection and 
install the retaining bolts. Be careful not to 
disturb the thermostats. 


5. Fill the radiator and start the engine. Check 
for coolant leaks. 


a 
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Figure 6 
Removing Water Pump Pulley 


1. Puller Tool No. 1002 or 9198 
2. Pulley 
3. Housing 
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Figure 7 
Water Pump Shaft and Bearing Removal 


Sleeve 

Shaft and Bearing Assembly 
Impeller 

Support 

Front Housing 

Press 


C. WATER PUMP 


REMOVAL 


Drain the cooling system. 


2. Remove the radiator as detailed in the 
previous section. 

3. Loosen the alternator mounting bolts, 
releasing the tension on the drive belt. 

4. Unscrew the retaining bolts and remove 
the cooling fan. 

5. Remove the four water pump attaching 
bolts and remove the water pump and 
gasket. 

DISASSEMBLY 


1. 


Remove the four bolts that secure the front 
and rear covers of the pump housing. 
Separate the pump covers and discard the 
gasket. 


2. 


Using Puller Tool No. 1002 or 9198, remove 
the pump pulley from the shaft, Figure 6. 


Using a press and a suitable adaptor, press 
the shaft and bearing assembly out of the 
impeller and pump housing, Figure 7. 


Press the seal out of the impeller side of the 
pump housing. Discard the seal. 


INSPECTION AND REPAIR 


3. 


Check the impeller for worn or damaged 
vanes and check the seal seat on the rear 
face of the impeller to be sure it is in good 
condition. Install a new impeller if the seat 
or vanes are damaged. 


Inspect the bearing shaft for scoring or 
other damage. 


Check both parts of the pump housing for 
cracks or signs of leakage. Replace any 
defective parts. 
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Figure 8 
Water Pump Components 


Pulley 


. Front Cover 

. Seal Assembly 

. Rear Cover 

. Impeller 

. Bearing Shaft Assembly 


REASSEMBLY 


1. 


Use a suitable sleeve which passes over the 
shaft and rests on the outside diameter of 
the bearing and press the bearing shaft into 
the housing until the bearing is flush with 
the face of the housing, Figure 9. Use a 
straight edge to check the final position. 


Turn the pump housing over and position 
in a press with the seal bore facing 
upwards. 


Coat the outer diameter of the seal flange 
with a thin application of thread sealer, and 
position the seal assembly over the shaft in 
the centre bore of the housing. 


Place Tool No. FT.6209 or 4672 over the 
shaft and onto the seal assembly. Press the 
seal assembly into the bore until the flange 
is flush with the top of the housing, Figure 
10. 
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Figure 9 
Water Pump Shaft and Bearing Installation 


. Sleeve 

. Shaft and Bearing Assembly 
. Front Cover 

. Press 


Support the shaft on a block of wood and 
use a length of pipe of suitable internal 
diameter to press the impeller onto the 
shaft and flush with the rear face of the 
housing. Check the final position with a 
straight edge, Figure 11. 


Press the pulley onto the shaft, to the 
dimension shown in Figure 12. The 
measurement is made from the rear face of 
the front cover of the pump to the centre of 
the V-groove of the pulley. After install- 
ation, be sure the pulley runs true on the 
shaft. 


Assemble the front and rear halves of the 
pump together using a new gasket. 
Tighten the bolts to the correct torque, see 
‘Specifications’, Chapter 6. 


Install the fan on the pulley. Tighten the 
bolts to the correct torque, see ‘Specifica- 
tions’, Chapter 6. 


CHAPTER 4 
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Figure 10 Figure 11 

Water Pump Seal Assembly Installed Water Pump Impeller Installation 
1. Press 1. Impeller 
2. Seal 2. Front Cover 
3. Spring 3. Bearing Shaft 
4. Seal Retainer 4. Press 
5. Tool No. FT.6209 or 4672 
6. Front Cover 


INSTALLATION 


1. Installation follows the removal procedure 
in reverse. Observe the following require- 
ments: 


*# Use a new gasket between the water 
pump and the cylinder block. 


Figure 12 
e Tighten the water pump attaching bolts a Ul ey petalauon 
; 2 A 3.4 in (85 mm) 
to the correct torque, see ‘Specifica- 1. Pulley 
tions’, Chapter 6. 2. Front Cover 
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D. COOLING FAN AND DRIVE ASSEMBLY 


FAN DRIVE CLUTCH PERFORMANCE 
CHECK 


The fan drive clutch is only a part of the cooling 


system and will function as designed provided 


that all other cooling system components are 
functioning correctly. 


1. 


With the engine stopped, rotate the fan by 
hand: it should have some drag but turn 
smoothly. If the fan does not turn 
smoothly, does not turn at all, or exhibits 
extreme bearing looseness the drive hub 
assembly is defective and should be 
replaced. 


Start the vehicle from cold and as soon as 
adequate oil pressure is obtained slowly 
bring the engine to rated speed. If the drive 
clutch is operating correctly the noise due 
to the engaged fan will be evident. A 
noticeable decrease in fan noise will 
become apparent after running for up to 
five minutes when the fan clutch 
disengages. 


Cover the front of the radiator with a piece 
of cardboard having a hole approximately 6 
in. (150 mm) in diameter located in front of 
the drive clutch. 


Observe the vehicle coolant temperature 
gauge; the temperature should rise 
steadily and then appear to level off when 
the engine thermostat opens. 


Continue to observe the coolant 
temperature gauge. The temperature 
should continue rising slowly until the fan 
clutch engages which will be evident by the 
increase in noise level. The coolant 
temperature should appear to level off, or 
drop slightly. 


Remove the cardboard cover from the 
front of the radiator. The coolant 
temperature should decrease and the fan 
drive clutch disengage. 


If the vehicle still experiences overheating 
during operation and the fan clutch appears to 
be engaging correctly, and all other cooling 


components are confirmed to be operating 
satisfactorily a check of peak fan speed can be 
made. 


With the engine at rated speed and with 
the fan drive clutch fully engaged record 
the speed of the fan using a fan speed 
indicator such as a stroboscope. 


2. Record the speed of the fan drive hub. 

3. The fan speed should be a minimum of 
85% of the fan drive hub speed when the 
clutch is fully engaged. 

REMOVAL 


UF 


Remove the radiator as detailed in the 
previous Section, ‘Radiator and Thermo- 
stat’. 


Unscrew the bolts attaching the fan drive 
pulley assembly, and withdraw the drive 
hub and fan. 


Unscrew the fan drive hub-to-cooling fan 
retaining bolts and remove the fan from the 
hub. 


INSPECTION AND REPAIR 


Ti 


Check that the bi-metallic coil is not 
broken. 


Check the bi-metallic coil and the fins on 
the face of the drive hub for clogging. 
Clean the coil and fins with a suitable 
solvent and compressed air. 


Examine the fan hub castings for cracks or 
damage. 


NOTE: 7he viscous drive hub is not service- 
able. The complete assembly is adjusted and 
sealed during manufacture and must be 
replaced as an assembly when faulty. 


INSTALLATION 


1. 


Installation follows the removal procedure 
in reverse. 


eee 
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Chapter 5 
TROUBLE SHOOTING 


Section Page 
A. TROUBLE SHOOTING 1 


A. TROUBLE SHOOTING 


IMPORTANT: When effecting a repair the The following table lists problems and their 


cause of the problem must be investigated and possible causes with recommended remedial 
corrected to avoid repeat failures. action. 
PROBLEM | POSSIBLE CAUSES REMEDY | | 


Engine does not . Clogged air cleaner 1. Clean or renew element 
develop full . Fuel line obstructed 2. Clean 
power Faulty injectors 3. Clean and reset 
Incorrect valve lash 4. Check and reset 
adjustment 
Burnt, worn or sticking 5. Replace valves and/or 
valves guides 
Blown head gasket 6. Check head flatness 
and fit new gasket 
Incorrect fuel delivery 7. Check injectors and pump 
Low cylinder compression 8. Replace piston rings or 
re-bore/re-sleeve as 
necessary 
Turbocharger malfunction 9. Overhaul turbocharger 
Engine knocks 1. Diluted or thin oil 1. Drain and refill with 
specified oil and replace 
filter. Ascertain cause of 
dilution 
2. Insufficient oil supply 2. Check oil level and top up 
| as necessary. Overhaul or 
replace pump as necessary 
Check pump filter not 
clogged 
3. Low oil pressure 3. Overhaul pump or relief 
valve as necessary 
4. Excessive crankshaft end 4. Install new thrust bearing 
: play liner 
5. Flywheel or ring gear 5. Skim flywheel or fit new 
run-out excessive ring gear 
6. Excessive connecting rod 6. Install new bearing inserts 
or main bearing and/or re-grind crankshaft 
clearance 
7. Bent or twisted 7. Replace connecting rods 


connecting rods 
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PROBLEM POSSIBLE CAUSES REMEDY 


8. Re-grind crankshaft and fit 
undersize bearing inserts 


8. Crankshaft journals 
out-of-round 


Engine knocks 
(continued) 


9. Re-bore/re-sleeve block 
and fit new pistons 


9. Excessive piston-to- 
cylinder bore clearance 


10. Excessive piston ring 10. Fit new pistons and rings 
clearance 
11. Broken rings 11. Fit new rings. Check bore/ 


pistons for damage 


12. Excessive piston pin 12. Fit new piston pin and bush 
clearance 


13. Piston ring retainer 13. Install new retainer. Check 
loose or missing bore/pistons for damage 


14. Excessive camshaft end play 14. Install new thrust plate 


15. Imperfections on timing 15. Renew timing gear 


gear teeth 


16. Excessive timing gear . Renew timing gear 


backlash 


Low oil pressure 1. Engine oil level low 1. Top up, as necessary 
2. Wrong grade of oil 2. Drain and refill with 
correct grade of oil 

3. Blocked oil pump sump 3. Clean sump screen 
screen 

4. Oil pressure relief valve 4. Fit new relief valve 
faulty 

5. Oil pump drive shaft worn 5. Replace drive shaft 

6. Excessive oil pump rotor 6. Overhaul pump 
and shaft assembly 
clearance 

7. Excessive main or con- 7. Install new bearing inserts 
necting rod bearing and/or re-grind crankshaft 
clearances 


Excessive oil 1. Engine oil level too high . Reduce oil level 


consumpuon . External oil leaks from . Renew gaskets/seals, 


engine where necessary. Check 
mating surfaces for 
damage or distortion 


. Worn valve, valve guides . Replace 
or seals 


. Head gasket not sealing . Renew gasket. Check head 
for damage or distortion 


. Oil loss past the pistons . Renew rings and/or 
and rings re-bore/re-sleeve block as 
necessary 


. Oil cooler leak (if fitted) . Repair/replace oil cooler 
assembly 


ieee 
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PROBLEM POSSIBLE CAUSES REMEDY 


Engine overheats 1. Hose connection leaking 1. Tighten hose connection. 
or collapsed Replace hose if damaged 
2. Radiator cap defective 2. Replace radiator cap 


or not sealing 


OO 


3. Radiator leakage . Repair/replace radiator 


4. Improper fan belt 4. Re-adjust fan belt 
adjustment 
5. Radiator fins restricted 5. Clean with compressed air 
6. Faulty thermostat 6. Renew thermostat 
7. Internal engine leakage 7. Check for source of 
leakage. Renew gasket or 
defective parts 
8. Water pump faulty 8. Overhaul water pump 
9. Exhaust gas leakage 9. Renew cylinder head 
into cooling system gasket. Check head for 
damage or distortion 
10. Coolant aeration 10. Tighten all connections and 
check coolant level is 
correct. Ensure cylinder 
head gasket has not blown 
11. Cylinder head gasket 11. Renew cylinder head 
improperly installed gasket 
12. Hot spot due to rust and 12. Reverse flush entire 
scale or clogged water cooling system 
jackets 
13. Obstruction to radiator 13. Remove the obstruction 
air flow 
14. Extended engine idling 14. Do not allow engine to 
idle for long periods 
15. Oil cooler tube blocked 15. Clean 
16. Radiator core tubes | 16. Check free flow 
blocked 
17. Viscous fan drive faulty 17. Replace fan drive assembly 
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PROBLEM POSSIBLE CAUSES REMEDY 


Engine tends to 
keep firing after 
fuel is shut off 


Air cleaner dirty or 1. Clean or renew element 


restricted 


Y 


2. Oil leak on compressor Overhaul turbocharger 
side of turbocharger where 


fitted 


Oil pressure Bulb burnt out Renew bulb 
warning light fails 


to operate 


2. Warning light pressure 2. Renew pressure switch 
switch faulty 


Warning light circuit Check and renew wiring 


faulty 


Excessive exhaust | 1. Oil leak on compressor 1. Overhaul turbocharger 
smoke or turbine side of turbo- 


charger, where fitted 


Exhaust leak on exhaust 2. Fit new gasket 
manifold side of turbocharger, 

where fitted 

Air cleaner dirty or 3. Clean 


restricted 


4. Overhaul injection 
pump/injectors 


Excessive fuel delivery 


Water temperature 1. Renew sender switch 
gauge fails to 
reach normal 
operating 
temperature 


Faulty temperature sender 
switch 


2. Incorrect or faulty 2. Renew thermostat 


thermostat 


3. Renew temperature 
gauge 


Faulty water temperature 
gauge 
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Chapter 6 
SPECIFICATIONS AND SPECIAL TOOLS 
Section Page 
A. SPECIFICATIONS 1 
B. SPECIAL TOOLS 12 


A. SPECIFICATIONS 


ENGINE 
Displacement 


Compression Ratio 
TW-5 
TW-15, TW-25 and TW-35 


Stroke 

Bore 

Bore/Stroke Ratio 
Firing Order 


Rated Engine Speed: 
TW-5 
TW-15, TW-25 and TW-35 


Idle Speed 


Maximum No.-Load Speed: 
TW-5 
TW-15, TW-25 and TW-35 


Compression Pressure at 200 rev/min 
Cranking Speed with the Throttle Closed and 


Stop Control Out 
TW-5 
TW-15, TW-25 and TW-35 


401 in? (6580 cc) 


16.3:1 
15.6:1 


4.4 in (111.75 mm) 
4.4 in (111.75 mm) 
1.00:1 


1-5-3-6-2-4 


2300 rev/min 
2200 rev/min 


700 —800 rev/min 


2530 — 2580 rev/min 


2420 — 2470 rev/min 


350 + 50 Ibf/in? (24.1 + 3.4 bar) 
325 + 50 Ibf/in? (22.4 + 3.3 bar) 
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CYLINDER BLOCK 


Material 

Cylinder Arrangement 
Taper of Cylinder Bore 
Cylinder Bore Out-of-Round 
Cylinder Bore Diameter 


Rear Oil Seal Bore Diameter 


RETAINING COMPOUND 
Cylinder Sleeve to Cylinder Block 


CYLINDER HEAD 


Material 

Valve Design 

Bolt Pattern 

Valve Guide Bore Diameter 

Head to Block Surface Flatness 
VALVE SPRINGS 

Number per Valve 

Type 

Free Length 

Load at 1.74 in length (44.00 mm) 
Load at 1.32 in length (33.50 mm) 
Assembled Height 

Out of Square 


EXHAUST VALVES 


Face Angle 


Stem Diameter 


Head Diameter 


Cast lron 

In line vertical 

0.001 in (0.025 mm) 

0.001 in (0.025 mm) 

4.4007 — 4.4032 in (111.777— 111.841 mm) 


5.542 —5.546 in (140.77— 140.87 mm) 


Ford Part No. ESW M2G 160-A 


Cast Alloy Iron 

Overhead Valves 

6 Bolts per Cylinder 

0.3728 — 0.3738 in (9.469—9.487 mm) 
0.003 in (0.08 mm) in any 6 in (152 mm) 
or 0.006 in (0.15 mm) overall limit 

1 

Cylindrical Coil 

2.15 in (54.61 mm) 

60—70 Ibf. (28—32 kg) 

125— 140 Ibf. (57.0—63.0 kg) 
1.72—1.78 in (43.7—45.2 mm) 


0.060 in (1.6 mm) maximum 


44 %4° 


0.3701 —0.3708 in (9.4005— 9.4183 mm) Standard 
0.3731 —0.3738 in (0.003—0.076 mm) Oversize 
0.3851 — 0.3858 in (0.015—0.381 mm) Oversize 
0.4001 — 0.4008 in (0.030—0.762 mm) Oversize 


1.505— 1.515 in (38.23— 38.48 mm) 


a Re NE cn 


EXHAUST VALVES (Cont.) 
Stem-to-Guide Clearance 
Lash Clearance 
Rotation 
INTAKE VALVE 
Face Angle 
TW-5 
TW-15, TW-25 and TW-35 


Stem Diameter 


Head Diameter 
Stem-to-Guide Clearance 
Lash Clearance 
VALVE TIMING 
Intake Opening 
Intake Closing 
Exhaust Opening 
Exhaust Closing 
VALVE SEATS 
Seat Angle 
TW-5 
TW-15, TW-25 and TW-35 


Seat Runout 


Seat Width — 


Intake (TW-15, TW-25 and TW-35) 
Exhaust (TW-5, TW-15, TW-25 


and TW-35) 
Intake (TW-5) 


CRANKSHAFT DRIVE GEAR 
Number of Teeth 


Timing Mark 


0.0020—0.0037 in (0.051 —0.094 mm) 
0.017—0.019 in (0.483—0.48 mm) 


Positive Rotator Fitted 45° 30’ to 45° 45’ 


44%° 
29 2° 


0.3711 —0.3718 in (9.4259 — 9.4437 mm) Standard 
0.3741 —0.3748 in (0.003— 0.076 mm) Oversize 
0.3861 — 0.3868 in (0.015— 0.381 mm) Oversize 
0.4011—0.4018 in (0.0830 — 0.762 mm) Oversize 
1.800 — 1.810 in (45.720 — 45.974 mm) 
0.0010 — 0.0024 in (0.0154 —0.0609 mm) 


0.014—0.016 in (0.36—0.41 mm) 


14° BTDC 
38° ABDC 
41° BBDC 


11° ATDC 


INTAKE EXHAUST 
45° 45° 
30° 45° 


0.015 in (0.381 mm) T.I.R. Max. 


0.063 in (1.58 mm) Minimum 


0.031 in (0.7937 mm) Minimum 
0.031 in (0.7937 mm) Minimum 
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Punch Mark on Tooth 
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CAMSHAFT DRIVE GEAR 
Number of Teeth 

Timing Mark 

End Play 

Crankshaft Flange Runout 
Bushing Inside Diameter 
Adapter Hole Outside Diameter 
Backlash with Crankshaft Gear 
Backlash with Camshaft Gear 
Fuel Injection Pump Drive Gear 
CAMSHAFT GEAR 

Number of Teeth 

Timing Mark 

Timing Gear Backlash 
ROCKER ARM SHAFT 
Shaft Diameter 

Support Internal Diameter 
ROCKER ARM 

Inside Diameter 

TAPPETS 

_ Clearance to Bore 

Tappet Diameter 


Tappet Bore Diameter 


CRANKSHAFT 


Main Journal Diameter 


Main Journal Length 


47 

Punch Mark, Three Places 

0.001 —0.011 in (0.025—0.28 mm) 
0.0015 in (0.038 mm) Maximum 
2.0005 — 2.0015 in (50.91 —50.83 mm) 
1.9985 — 1.9990 in (50.761 —50.774 mm) 
0.001 —0.009 in (0.025—0.23 mm) 
0.001 —0.009 in (0.025—0.23 mm) 


0.001 —0.012 in (0.025—0.30 mm) 


52 
Punch Mark on Tooth Space 


0.003 — 0.008 in (0.076—0.203 mm) 


1.000—1.001 in (25.400 —25.425 mm) 


1.002 — 1.004 in (25.450 — 25.501 mm) 


1.003— 1.004 in (25.476—25.501 mm) 


0.0006 — 0.00021 in (0.0152—0.0530 mm) 


0.9889 — 0.9894 in (25.1180—25.1307 mm) 


0.990 —0.991 in (25.146—25.171 mm) 


3.3718— 3.3723 in (85.643— 85.656 mm) Red 
3.3713 —3.3718 in (85.631 —85.643 mm) Blue 


1.455 — 1.465 in (36.957 —37.211 mm) 


FR Se MO Og a) 


CRANKSHAFT (Cont.) 

Main Journal Wear Limits 

Main and Crank Pin Fillet Radius 
Thrust Bearing Journal Length 
Intermediate Bearing Journal Length 
Rear Bearing Journal Length 

Rod Bearing Journal Length 


Rod Bearing Journal Diameter 


End Play 

Rod Bearing Out-of-Round 
Taper-Surface Parallel to Centre Line of 
Main Journal 

Crankshaft Rear Oil Seal Journal Diameter 
Crankshaft Pulley Journal Diameter 


Crankshaft Timing Gear Journal Diameter 


MAIN BEARING 
Liner Length (Except Thrust Liner) 


Liner Length (Thrust Liner) 


LINER IDENTIFICATION 


0.005 in (0.13 mm) Maximum 
0.12—0.14 in (3.05—3.56 mm) 
1.459— 1.461 in (37.06—37.11 mm) 
1.455— 1.465 in (36.96—37.21 mm) 
1.485— 1.515 in (37.72—38.48 mm) 
1.678— 1.682 in (42.62—42.72 mm) 
2.7496 — 2.7500 in (69.839 — 69.860 mm) 
(Blue Liners) 

2.7500 — 2.7504 in (69.86— 69.87 mm) 
(Red Liners) 

0.004— 0.008 in (0.102—0.203 mm) 
0.0002 in (0.005 mm) 

Total Indicator Reading 

0.0002 in (0.005 mm) 

4.814— 4.808 in (122.28 — 122.12 mm) 
1.751— 1.750 in (44.48—44.45 mm) 


1.821— 1.820 in (46.25—46.23 mm) 


1.10—1.11 in (27.94—28.19 mm) 


1.453— 1.455 in (36.91—_ 36.96 mm) 


identifying Colour Wall Thickness Specified 
Mark Code Clearance 


PVorG Copper Lead 0.1245 — 0.1250 in 0.0022 —0.0045 in 
(3.162—3.175 mm) (0.056—0.114 mm) 

PVorG Copper Lead 0.1249 — 0.1254 in 0.0022 —0.0045 in 
| (3.172—3.185 mm) (0.056—0.144 mm) 
G and AL Aluminium Tin 0.1245 —0.1250 in 0.0022 — 0.0045 in 
| Alloy (3.162—3.175 mm) (0.056—0.114 mm) 

G and AL Aluminium 0.1249 —0.1254 in 0.0022 — 0.0045 in 
Alloy (3.172—3.185 mm) (0.056—0.114 mm) 
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CONNECTING ROD BEARINGS 


Liner Length 1.40— 1.41 in (35.56—35.81 mm) 


LINER IDENTIFICATION 


Identifying Colour Wall Thickness - Specified 
Mark Code Clearance 


PVorG Copper Lead 0.0943 — 0.0948 in 0.0017 — 0.0038 in 
(2.395 — 2.408 mm) (0.043—0.096 mm) 
PVorG Copper Lead 0.0947 —0.0952 in 0.0017 — 0.0038 in 


(2.405—2.418 mm) (0.043—0.096 mm) 

G and AL Aluminium Tin 0.0941 — 0.0946 in 0.0021 — 0.0042 in 
Alloy (2.390 —2.403 mm) (0.053—0.107 mm) 

G and AL Aluminium 0.0945 — 0.0950 in 0.0021 — 0.0042 in 
Alloy (2.400 —2.413 mm) (0.053—0.107 mm) 


CRANKSHAFT RE-GRINDING 


When re-grinding a crankshaft, the main and crankpin journal diameters should be reduced the 
same amount as the undersize bearings used. The following dimensions apply. The rear end of the 
crankshaft should be located on the 60° chamfer of the pilot bearing bore. 


Undersize Bearing Available Main Journal Diameters 
0.002 in (0.051 mm) 3.3693 — 3.3698 in (85.580 — 85.593 mm) 
0.010 in (0.254 mm) 3.3618 — 3.3623 in (85.390 — 85.402 mm) 
0.020 in (0.508 mm) 3.3518 — 3.3523 in (85.136—85.148 mm) 
0.030 in (0.762 mm) 3.3418 — 3.3423 in (84.882 — 84.894 mm) 
0.040 in (1.016 mm) 3.3318 — 3.3323 in (84.628— 84.640 mm) 


Crankpin Journal Diameters 


0.002 in (0.051 mm) 2.7476— 2.7480 in (69.789—69.799 mm) 


0.010 in (0.254 mm) 2.7400 — 2.7404 in (69.956— 69.606 mm) 
0.020 in (0.508 mm) 2.7300 — 2.7304 in (69.342—69.352 mm) 
0.030 in (0.762 mm) 2.7200 — 2.7204 in (69.088—69.098 mm) 
0.040 in (1.016 mm) 2.7100—2.7104 in (68.834— 68.844 mm) 
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CAMSHAFT 
Bearing Journal Diameter 
Bearing Clearance 


End Play 


CONNECTING RODS 


Small End Bushing (Internal Diameter) 
Ford TW-5 


Ford TW-15, TW-25 and TW-35 
Clearance Bushing-to-Piston Pin 
Side Float 
Maximum Twist 


Maximum Bend 


PISTONS 
Material 
Length 
Number of Compression Ring Grooves 
Number of Oil Ring Grooves 
Skirt-to-Cylinder Clearance 
Cylinder 1through 5 
Cylinder 6 
Taper (Out-of-Round) 


Grading Diameter (‘W’ at Right Angle 
to Piston Pin) 


Piston Pin Clearance 
Piston Crown to Block Face 
TW-5 


TW-15, TW-25 and TW-35 


2.3895 — 2.3905 in (60.6933 — 60.7187 mm) 
0.001 —0.003 in (0.025—0.076 mm) 


0.001 —0.007 in (0.025—1.778 mm) 


1.5003— 1.5006 in. (38.108 — 38.115 mm) 
1.6253 — 1.6256 in. (41.283 — 41.290 mm) 
0.0005— 0.0007 in (0.013— 0.018 mm) 
0.007 —0.013 in (0.18—0.33 mm) 

0.012 in (0.30 mm) 


0.004 in (0.10 mm) 


Aluminium Alloy 
4.98 in (126.5 mm) 
3 


1 


0.0080 — 0.0090 in (0.203— 0.228 mm) 
0.010—0.011 in (0.254—0.279 mm) 
0.0025— 0.005 in (0.063—0.127 mm) 


4.3922 — 4.3947 in (111.56 —111.62 mm) 
(in increments of 0.0005 in (0.0127 mm) 


0.0003— 0.0005 in (0.0076 — 0.0127 mm) 


+ 0.011— + 0.023 in (+0.28— + 0.58 mm) 


+ 0.000— + 0.012 in (+0.00— +0.31 mm) 
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PISTON RINGS 


Oil Control: 


Type 

Number and Location 
Material 

Finish 

Width 

Gap Width 


Compression: 


Number and Location 

Type — Top 
Intermediate 

Material 

Finish — Top 
Intermediate 

Width — Top 


Intermediate 


Radial Wall Thickness — Top 


Intermediate 


Side Clearance — 
Top Compression 
2nd Compression 
3rd Compression 
Oil Control Ring 

Gap Width — 

Top 


Intermediate 


Slotted with Expander 

1 Above Piston Pin 

Cast Iron 

Chrome Plate 

0.1859 — 0.1866 in (4.722—4.740 mm) 
0.013—0.033 in (0.33—0.84 mm) 


1 Top and 2 Intermediate above Piston Pin 
Keystone 

Straight Face — Inner Bevel 

Cast Iron 

Chrome Plate 

1 Chrome Plate, 1 Plain 

0.0929 — 0.0936 in (2.36 —2.37 mm) 
0.0925 — 0.0935 in (2.35—2.37 mm) 


0.184 in (4.67 mm) Maximum 
(4.400 in [111.76 mm] Bore) 


0.184 in (4.67 mm) Maximum 
(4.400 in [111.76 mm] Bore) 


0.0044—0.0061 in (0.112—0.115 mm) 
0.0039—0.0056 in (0.100—0.142 mm) 
0.0039—0.0056 in (0.100—0.142 mm) 
0.0025—0.0041 in (0.061 —0.104 mm) 


0.012— 0.038 in (0.31—0.97 mm). 


0.010— 0.035 in (0.25—0.89 mm) 


Detailed installation instructions and specifications are supplied with each set of piston rings. 


Fe 


PISTON PIN 
Outside Diameter — 
| Ford TW-5 
Ford TW-15, TW-25 and TW-35 
FLYWHEEL 


Number of Gear Teeth 


Runout of Clutch Face (Between Outer Edge 
of Friction Surface and Mounting Bolt Holes) 


Ring Gear Runout 
LUBRICATION SYSTEM 
Main Bearings 
Connecting Rod Large Bearings 
Piston Pin Bushings — 

Ford TW-5 

Ford TW-15, TW-25 and TW-35 
Cylinder Walls 
Camshaft Bearings 
Timing Drive 
Taopets 
Push Rods 
Rocker Arms 


ENGINE OIL CAPACITY 


Refill with New Filters 


ENGINE OIL GRADE 


1.4997 — 1.5000 in (38.0922 —38.100 mm) 


1.6246 — 1.6251 in (41.267 — 41.277 mm) 


128 


0.0055 in (0.127 mm) 


0.025 in (0.64 mm) 


Pressure 


Pressure 


Splash 

Pressure 

Splash 

Pressure 

Squirt 

Splash and Drain 

Drip fron Rocker Arms 


Pressure (Intermittent Flow) 


Consult the operator’s manual for recommended oil types and viscosities. 
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OIL PUMP 

Rotor Clearance 

Rotor-to-Pump Housing Clearance 
Rotor End Play 


Pump Pressure 


Relief Valve Pressure 


Relief Valve Spring Tension 


COOLING SYSTEM 
Capacity 

Ford TW-5 

Ford TW-15, TW-25 and TW-35 
Radiator Cap Pressure 


Fan Belt Deflection 


Water Pump: 
Type 
Drive 
Thermostat: 
Opening Temperature 


Full Open 


ANTIFREEZE 


0.001 —0.006 in (0.025—0.152 mm) 
0.006—0.011 in (0.152—0.279 mm) 
0.001 —0.0035 in (0.025—0.089 mm) 


10 Ibf/in? (0.7 bar) at 800 rev/min 
40— 65 Ibf/in? (2.8—4.5 bar) at 2200 rev/min 


60—80 Ibf/in? (4.14—5.51 bar) at 2200 rev/min 


1.91 in (4.85 mm) under 20 Ib (9.0 Kg) load 


30 Imp. Pints (36 U.S. Pints) (17 Litres) 
31.6 Imp. Pints (38 U.S. Pints) (18 Litres) 
13 Ibf/in? (0.896 bar) 


0.5 in (12.7 mm) Maximum 
Measured mid-way between pulleys 


Centrifugal 


V-belt 


178°F (81°C) 
203°F (95°C) 


Use Ford antifreeze in the following solution strengths to provide protection down to the 


temperature required. 


Temperature protection 
-4°C (25°F) 
-9°C (16°F) 
-16°C (4°F) 
-24°C (-11°F) 
-36°C (-33°F) 


INTERCOOLER 


Turbine Bearing Grease 
Core Sealing Mastic 


Percentage of Antifreeze 
10% 
20% 
30% 
40% 
50% 


ESF-M1C-142-B 
ESE-M4G-195-A 
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TORQUE SPECIFICATIONS (Continued) 


Thread Size a (kgm) | (Nm) 


Main Bearing Bolts 


Connecting Rod Nuts 


Cylinder Head Bolts (with Engine Cold) 


Intake Manifold-to-Cylinder Head 
Exhaust Manifold-to-Cylinder Head 
Flywheel-to-Crankshaft 

Oil Pan Drain Plug 

Valve Rocker Cover Bolts 


Crankshaft Pulley-to-Crankshaft 


Self-Locking Screw — Valve Rocker Arm 


Injector Attachment Bolts 

Oil Pump to Block 

Water Pump-to-Cylinder Block 
Turbine Housing Clamp Band 
Compressor Cover Cap Screws 
Compressor Wheel Lock Nut 
Turbocharger-to-Exhaust Manifold 
Water Pump Cover-to-Pump 
Fan-to-Drive Hub Bolts 

Oil Pan-to-Cylinder Block (Cast) 
Injector Line Nuts 

Injector Pump-to-Front Adapter Plate 
Camshaft Drive Gear-to-Block 

Front Adapter Plate-to-Cylinder Block 
Front Cover-to-Front Adapter Plate 
Camshaft Gear Bolts 

Oil Filter Retaining Bolt 

Oil Filter Mounting Bolt Insert 
Starting Motor-to-Rear Adapter Plate 
Oil Pressure Switch Assembly 


Exhaust Pipe-to-Flange 
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9/16—12 
7/16—20 
9/16—12 
3/8—16 
3/8— 16 
9/16—18 
7/8—16 
5/16—18 
3/4—16 
7/16—20 
5/16—24 
3/8— 16 
3/8— 16 


5/16—18 


3/8— 16 
3/8—16 
M12 x 1.5 
5/16—24 
1/2—20 
5/16—18 
5/16—18 
7/16—14 
3/4—16 
1-3/8—12 
7/16—14 


160 


160 


145 


120 Ibf/in 
60 Ibf/in 
160 Ibf/in 

33 

20 

25 

32 

20 

23 

100 


(160) 
(85) 
(220) 
(34) 
(37) 
(210) 
(40) 
(16) 
(200) 
(25) 
(16) 
(34) 
(34) 
(14) 
(7) 
(18) 
(44) 
(28) 
(34) 
(44) 
(28) 
(32) 
(140) 
(20) 
(20) 
(58) 
(64) 
(170) 
(45) 
(32) 
(32) 
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The following general nut and bolt installation torque requirements (lubricated) apply to any 
operation not previously listed. 


TORQUE VALUES Ibf/ft nm) | (Kgm) | 


INCH SERIES 
% —20 
% —28 
5, —18 
46 —24 


36 —16 


424 
%ye—14 
4_—20 


A—13 
% —20 


*/,—18 
5, — 18 


B. SPECIAL TOOLS 
(Prior Tool Numbers, where applicable, shown in brackets) 


| Adjustable Bridge Puller || 8800678) 
| Step Plate Adeptors | was | 2016308) 


Bushing Kit 818 9514 (818) 
T.818 9515 


CPT 6040-6 2134 (SW 501) 


Crankshaft Gear — Remover 
Replacer 


Replacer Adaptor/ 
Insert CT 6069-1 1237 (SW 501-1) 


Valve Guide Reamer Kit FT.6202 (SW 502) 2136 (SW 502) 


Camshaft Bearings — Remover/Installer 
Handle N6261-A 1442 (N6261-A) 
Crankshaft Rear Oil Seal Installer FT .6204 


12 


Cy) PART 2 
FUEL SYSTEM 


Chapter 1 
FUEL SYSTEM — GENERAL 
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PART 2 
FUEL SYSTEM 


Chapter 1 
FUEL SYSTEM — GENERAL 


Section Page 
A. DESCRIPTION AND OPERATION 1 
B. AIR CLEANER — OVERHAUL 4 
C. FUEL TANK, FILTERS AND LINES — OVERHAUL 5 
D. ADJUSTMENTS 8 
A. DESCRIPTION AND OPERATION 
AIR CLEANER escape through a slot in its bottom. On the 


The air cleaner is a paper element, dry-type air 
cleaner. The air intake for the air cleaner 
extends above the top hood panel. The air 
passes through the pre-cleaner stack to the air 
cleaner and through the double filter. Any 
coarse particles are stopped by the filter and 
are collected in a rubber boot at the bottom of 
the cleaner, Figure 1. The boot allows dirt to 


TW-25 and TW-35 Tractors, these particles are 
discharged into the exhaust system. 


The air cleaner restriction warning light 
mounted on the instrument panel monitors the 
vacuum level in the air cleaner intake hose. 


When the air cleaner requires servicing the 
warning light will glow continuously. 
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Figure 1 
Engine (TW-15) 
1. Air Cleaner Canister 4. Fuel Filter 6. Fuel Check Valve 
2. Rubber Boot 5. Sedimenter 7. Fuel Shut-off Valve 


3. Fuel Lift Pump 8. Main Fuel Tank 


FUEL TANKS 


The fuel tanks, are both filled from the main 
tank, Figure 1 and 2. The auxiliary tank is 
always full until the main tank is empty. Both 
tanks are equipped with an electrical fuel 
gauge unit. The fuel outlet is in the auxiliary 
tank and the fuel line shut-off valve at the 
outlet is equipped with a nylon filter. 


LIFT PUMP, FILTER AND INJECTION 
PUMP 


Figure 2 
Fuel flows from the auxiliary fuel tank through Engine (TW-35) 
7 st 1. Air Cleaner 
a check valve, which prevents the fuel draining 2. Auxiliary Fuel Tank 


back into the auxiliary fuel tank when the 3. Main Fuel Tank 


No 
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tractor is not in use, to the sedimenter and fuel 
lift pump. From the lift pump the fuel is 
pressurized to 2—5 Ibf/in? (0.14—0.34 bar) 
(0.14—0.34 kgf/cm?) and routed through the 
fuel filter to the fuel injection pump. 


The injection pump is mounted on the engine 
front cover and is driven by the pump gear. The 
pump has one pumping element per cylinder 
and is equipped with a mechanical governor. 


THERMOSTART 


To aid engine starting in cold weather 
conditions, a thermostart cold start device is 
installed. 


The thermostart cold start device comprises a 
plug assembly screwed into the _ intake 
manifold and a fuel line connected to the fuel 
filter assembly, Figure 3. 


The plug assembly consists of a check valve 
and electrically heated element. 


Fuel is fed to the plug assembly and when the 
key-start switch is turned to the heat position, 
the element temperature rises to open the 
check valve and allow fuel to pass into the 
intake manifold. As the fuel passes the hot 
element it is ignited prior to entering the 
combustion chamber. 


“i 


Figure 3 
Thermostart Installation 


1. Thermostart 

2. Intake Manifold 

3. Thermostart Heater Wire 
4. Fuel Feed Tube 


INJECTORS 


The fuel injectors are mounted in the cylinder 
head and are held in position by two retaining 
bolts. Fuel from the injection pump enters the 
injector inlet and passes through a drilling in 
the nozzle holder and nozzle assembly before 
reaching the needle valve seat. The pressure of 
the fuel causes the needle valve to open 
against the action of the injector spring. Fuel is 
then forced, in a highly atomized state, 
through the four holes in the nozzle tip. A small 
amount of fuel leaks up between the needle 
valve stem and the nozzle body, providing 
lubrication. This leak-back fuel is forced to the 
top of the injector where it is returned to the 
fuel line through the injector leak-off line. 
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B. AIR INTAKE — OVERHAUL 


Figure 4 
Engine Access — TW-5 and TW-15 
1. Pre-Cleaner 5. Side Panel 
2. Hood Panel 6. Fuel Cap 
3. Grille 7. Radiator Cap 


4. Grille Side Panel 


NOTE: The air cleaner element may be 
serviced with the air cleaner assembly installed 
on the vehicle. 


REMOVAL 
1. Remove the pre-cleaner and the fuel tank 


cap. 


2. Remove the side panels and radiator grille 
and panels, Figure 4. 


3. Remove the top panel by lifting it over the 
muffler and air intake pipe. 


Ford TW-5 and TW-15, with reference to - 


Figure 5. 


4. Remove the intake hose at the manifold 
support bracket and air cleaner support 
panel. 


Figure 5 
Air Cleaner 
1. Air Cleaner Tube 
2. Air Cleaner Bracket 
3. Wing Nut 


4. Air Intake Hose 
5. Support Bracket 


5. Remove the air cleaner assembly from the 
support panel. 


6. Remove the wing nut on the end of the 
filter and extract the filter element. 


Ford TW-25 and TW-35, with reference to 
Figure 6. 


7. Remove the aspirator tube. 


8. Remove the clean air intake tube. 


9. Unbolt the two support brackets and 
remove the air cleaner. 


10. Unscrew the wing nut on the end of the 
filter and extract the filter element, taking 
care to retrieve the ‘’C”’ clip, rubber faced 
flat washer and wing nut for element 
replacement. 


Figure 6 
Air Cleaner 
. Air Cleaner bracket 
. Clean Air Intake Tube 
. Air Cleaner 
. Main Fuel Tank 
. Exhaust Pipe 
. Aspirator Tube 
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INSTALLATION 


1. Installation of the air cleaner is the removal 
procedure in reverse. 


CHAPTER (1 sue 


Figure 7 
Air Cleaner Outer Element 


. Outer Element 
. Wing Nut 

. Flat Washer 

. “CC” Clip 


AON — 


On Ford TW-25 and TW-35 vehicles ensure 
that the rubber faced side of the flat washer is 
placed against the outer surface of the element 
and the “‘C”’ clip wing nut and flat washer are 
installed as shown in Figure 7. 


C. FUEL TANK, FILTERS AND LINES — OVERHAUL 


MAIN FUEL TANK 


REMOVAL 


1. Disconnect the battery. 


2. Remove the pre-cleaner, side panels, top 
hood panel, radiator grille and panels. 


3. Remove the muffler assembly. 


4. Remove the air cleaner tube. 


5. Shut off the fuel at the fuel shut-off valve. 


6. Disconnect the fuel line and sender gauge 
wires. 


7. Disconnect the wiring harness at the 
alternator and air intake sensor. Remove 
the harness from the fuel tank bracket. 


8. Remove the bolts that attach the main fuel 
tank support brackets to the tractor. 
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Figure 8 
Removing Main Fuel Tank 
1. Spreader Bar Sling 


TW-5, TW-10 and TW-15. 


9. Using a sling remove the main fuel tank 
from the tractor, Figure 8. 


TW-25 and TW-35. 
10. Withdraw the attaching bolts and remove 


the fuel tank from the tractor frame, Figure 
6. 


AUXILIARY FUEL TANK 
REMOVAL 


1. Close the fuel shut off valve. 


2. Place a suitable container under the 
auxiliary fuel tank then remove the drain 


plug. 


3. Disconnect the sender unit and fuel lines, 
Figure 9. 


4. Remove the front mounting bolts. 


Figure 9 
Auxiliary Fuel Tank 


. Fuel Sender Wire 

. Rear Pivot Pin (Not Visible) 
Fuel Lines 

Auxiliary Fuel Tank 

Front Mounting Bolts 


ORWNo 


5. Remove the pivot pin at the rear of the 
tank. 


6. Lower the tank to the floor. 


INSTALLATION 


1. Installation of the fuel tanks follows the 
removal procedure in_ reverse. On 
installation observe’ the _ following 
requirements. 


e Ensure all retaining bolts are tightened 
to the correct torque. 


© Bleed the fuel system. See Section D of 
this Chapter. 
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FUEL FILTER ELEMENT 
REMOVAL 


With reference to Figure 10. 


1. Close the fuel shut off valves. 


2. Remove the filter retaining bolt and discard 
the element and seal. 


3. Remove the sedimenter. 


INSTALLATION 


1. Clean the filter base and cover using clean 
diesel fuel. 


2. Clean and replace the sedimenter. 


3. Install a new filter element ensuring that 
the new sealing ring has been correctly 
positioned. 


4. Tighten the filter retaining bolt to the 
correct torque, see Page 6, ‘Specifica- 
tions’ — Chapter 4. 


5. Bleed the fuel system. See Section D of 
this Chapter. 


FUEL FILTER ASSEMBLY 


REMOVAL 


With reference to Figure 10. 


1. Close the fuel shut-off valve. 


2. Disconnect the fuel filter and sedimenter 
inlet and outlet lines. 


3. Disconnect the thermostart fuel line. 


Figure 10 

Fuel Filters and Lines 
Lift Pump Outlet Line 
Lift Pump 
Lift Pump Inlet Line 
Fuel Filter 
Sedimenter 
Filter Retaining Bolts 
Filter Unit Retaining Bolts 


NOT RWN— 


4. Withdraw the bolts securing the fuel filter 
assembly to the engine and carefully 
remove the fuel filter unit from the vehicle. 


INSTALLATION 


1. Installation of the fuel filter assembly 
follows the removal procedure in reverse. 
On installation observe the following: - 


e Ensure all components have been 
cleaned using clean diesel fuel. 


e Tighten the retaining bolts to the correct 
torque, see Page 6, ‘Specifications’ — 
Chapter 4. 


e Bleed the fuel system. See Section D of 
this Chapter. 
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Figure 11 
Injector in Engine 

Retaining Nut 

Injector 

Gaskets 

Fuel Line 

Banjo Fitting 

Leak of Line 

Fluid Type Bolt 
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FUEL LINES 
REMOVAL 


1. Close the fuel shut-off valve. 


2. Disconnect the fuel line retaining nuts at 
both ends of the line and remove the lines 
from the tractor. 


3. Remove the fluid-type bolts, washers and 
banjo fittings at the injectors to remove the 
fuel leak-off line, Figure 11. 


INSTALLATION 


1. Insert the line nuts into their respective 
locations taking care to prevent cross 
threading. Tighten each nut to the correct 
torque. See Page 6, ‘Specifications’ — 
Chapter 4. 


Figure 12 
Fuel Filters and Lines 


1. Filter Bleed Screw 
2. Priming Lever 


2. Install new gaskets on each side of the 
banjo fittings and tighten the fluid type 
bolts to the correct torque, see Page 6, 
‘Specifications’ — Chapter 4. 


3. Bleed the fuel system. See Section D of 
this Chapter. 


D. ADJUSTMENTS 


BLEEDING THE FUEL SYSTEM 


Bleed the fuel system whenever the tractor has 
run out of fuel or whenever the tank, the 
supply lines, the filters, the lift pump, the 
injection pump, or the injector lines are 
repaired. Air in the fuel will cause the engine to 
run roughly. 


1. Make sure there is adequate fuel in the 
tank. 


2. Check all fuel line connections and tighten 
them to the specified torque. 


A. 2 


Loosen the bleed screw, on top of the filter 
and operate the priming lever on the fuel lift 
pump until a stream of fuel free from air 
bubbles flows from the filter. Tighten the 
bleed screw, Figure 12. 


Loosen the front bleed screw on the 
injection pump gallery, and operate the 
priming lever. Tighten the bleed screw 
when the fuel flowing from the pump is 
free from air bubbles. 


Loosen the injector fuel lines at the 
injectors. 


Set the throttle lever at the wide open 
position. 


With the stop control “OUT” crank the 
engine until fuel free from air bubbles is 
emitted from the injection lines. 


Tighten each fuel line in turn whilst the 
engine is still turning. 


Run the engine and check for leaks. 


IDLE SPEED ADJUSTMENT 


With reference to Figure 13. 


1 


With the engine running and at normal 
operating temperature, disconnect the 
throttle linkage at the injection pump. 


Loosen the locknut and turn the stop 
screw until the specified idle speed is 
obtained, see Page 6, ‘Specifications’ — 
Chapter 4. Tighten the locknut and re- 
connect the throttle linkage. 


Figure 13 
Engine Speed Adjustment 


1. Maximum No-Load Speed Adjusting Screw 
2. Idle Speed Adjusting Screw 


MAXIMUM NO-LOAD SPEED 
ADJUSTMENT 


With reference to Figure 13. 


IMPORTANT: 7he maximum no-load speed 
screw Is adjusted and sealed at the factory for 
correct fuel delivery and maximum no-load 
speed. lf the maximum no-load speed varies 
more than 50 rev/min above or below the 
specified range, see Page 5, ‘Specifications’ — 
Chapter 4, then adjustrment may be made as 
follows. 


1. With the engine running and at normal 
Operating temperature, position the hand- 
throttle for maximum no-load speed. 


2. Disconnect the throttle linkage at the 
injection pump. 


3. Cut and remove the maximum no-load 
speed stop screw sealing wire. 
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Figure 14 
Checking Pump Speed 
1. Hand Held Tachometer 
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4. Set the throttle lever at the injection pump 
in the maximum no-load speed position 
then loosen the locknut and adjust the 
screw until the maximum no-load speed is 
obtained. Tighten the locknut and secure 
the adjustment with a sealing wire. 


5. Check the throttle linkage can be re- 
connected to the injection pump. Adjust 
the linkage length, if necessary. 


6. Re-connect the throttle linkage and re- 
check the idle and maximum no load 
speeds. 


NOTE: For greater accuracy when checking 
engine speeds, remove the end cover and 
apply a tachometer to the rear of the pump 
camshaft, Figure 14. Remember the pump 
camshaft rotates at half the engine speed. 
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PART 2 


Chapter 2 
INJECTORS 


FUEL SYSTEM 


Section 


A. INJECTORS — DESCRIPTION AND OPERATION 


B. INJECTORS — OVERHAUL 


A. INJECTORS — DESCRIPTION AND OPERATION 


The engine injector function is to inject fuel 
into a pressurised cylinder in a fully atomised 
condition so as to burn efficiently with a 
minimum of smoke. 


Each injector consists of a nozzle assembly, 
containing a needle valve, and a nozzle holder 
assembly housing the injector needle valve 
regulating spring, Figure 1. 


Fuel from the fuel injection pump enters the 
injector fuel inlet and passes down through a 
drilling in the nozzle holder and body to the 
needle valve seat. 


The fuel, pressurised by the injection pump, 
lifts the needle valve off the seat against the 
action of a spring. The fuel is then forced, in an 
atomised state, through the four holes in the 
nozzle tip. When the pressure from the 
injection pump drops, the needle valve snaps 
back onto the seat under pressure from the 
spring. 


To provide lubrication of the injector, a small 
amount of fuel is permitted to leak up between 
the needle valve and the nozzle body. The 
excess fuel rises to the top of the injector and 
returns to the fuel tank via an injector leak-off 
line. 
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Figure 1 
Fuel Injector Assembly 
. Washers 
. Spring Adjusting Nut 
. Fuel Inlet 
. Needle Valve 
. Washer — 
. Needle valve Seat 
. Nozzle Tip 
. Nozzle Retaining Nut 
. Nozzle Body 
. Nozzle Body 
. Spring 
. Cooper Washer 
. Cap Nut 
. Leak-off Line Connector 
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B. INJECTORS — OVERHAUL 


REMOVAL 
1. Clean the area around the injectors. 


2. Disconnect the fuel leak-off line and the 
fuel injection lines. 


3. Remove the two injector mounting bolts 
and remove the injector complete with the 
cork and copper washers. Ensure no dirt 
falls into the injector seat. 


4. To establish if overhaul or replacement is 
necessary, test the injectors according to 
the following procedure. Before testing, 
clean the outside of the injectors with a soft 
wire brush and a carbon solvent. 


TESTING 


WARNING: THE SPRAY FROM AN 
INJECTOR TESTER CAN PIERCE 
HUMAN SKIN CAUSING SERIOUS INJURY. 


Ensure the injectors are mounted on the tester 
so that the spray is directed away from the 
operator and any other persons. 


During the NOZZLE OPENING PRESSURE 
AND SPRAY PATTERN TESTS collect the 
spray in a container partly filled with rags to 
absorb the spray. 


When conducting the NOZZLE SEAT LEAK- 
AGE TEST release the injector tester pump 
pressure before touching the nozzle tip with a 
sheet of blotting paper. 


THE SPRAY IS INFLAMMABLE. Ensure no 
naked lights are in the area of the tester and do 
not generate excessive vapour. 


1. Fill the injector tester, Tool No. FT.9102 or 
1721, with a calibrating type fuel oil and 
leave the filler cap loose to prevent a 
vacuum forming during testing. 


2. Prime the teste: until oil is emitted from the 


tester line then connect the injector. 


3. Ensure the knob on the right-hand side of 


the tester is screwed in to prevent the 
gauge being over pressurised if the injector 
nozzle is blocked. 


4. Pump the tester and check the nozzle is 


free to open. Open the pressure gauge 
valve and commence injector testing. If the 
nozzle is blocked or the needle jammed, 
commence the disassembly procedure. 


Figure 2 
Nozzle Opening Pressure Test 


Figure 3 
Nozzle Seat Leakage Test 
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Figure 4 
Iniector Components 


. Washer 


Leak-off Line Washers 


. Leak-off Line Connector 


Cap Nut 


. Spring Adjusting Nut 


Washer 


. Nozzle Holder 


NOZZLE OPENING PRESSURE: Pump the 
injector tester, Figure 2, and observe the 
pressure at which the needle valve lifts and 
fuel is ejected from the nozzle tip. Compare 
with the specified pressure, see Page 5, 
‘Specifications’ — Chapter 4. 


SPRAY PATTERN: Pump the _ tester 
rapidly and observe the spray pattern from 
the four holes. Each spray must be similar. 
The spray should be well atomised and 
spread into a3 in (76 mm) diameter cone 
0.38 in (9.5 mm) from the injector nozzle. 


NOZZLE SEAT LEAKAGE: Wipe the 
nozzle tip dry and apply a pressure of 150 
Ibf/in? (10 bar) (10 kgf/cm?) below the 
opening pressure to the injector. Hold the 
pressure for six seconds, then touch the 
nozzle tip with a sheet of blotting paper, 
Figure 3. The fuel oil stain should not 
exceed 0.5 in (12.7 mm) diameter. 


. Nozzle Body 

. Copper Washer 

. Nozzle Retaining Nut 
. Needle Valve 

. Spindle 

. Spring 


NOZZLE LEAK BACK TEST: Apply 
approximately 2300 Ibf/in? (158 bar) (162 
kgf/cm?) pressure to the injector and 
measure the time taken for the pressure to 
fall from 2200 Ibf/in? (152 bar) (155 
kgf/cm?) to 1500 Ibf/in? (103 bar) (105 
kgf/cm?). If this time is less than 5 
seconds, the needle is loose or there is dirt 
between the nozzle and injector body 
faces. 


If the injector passes the tests, re-install in 
the engine. 


If the injector fails any of the tests, proceed 
to disassembly. 


DISASSEMBLY 


1. 


Place the injector in a holding fixture. Do 
not clamp the injector body in a vice. 


Remove the cap nut and spring adjusting 
nut, Figure 4. Remove the injector spring, 
washer and spindle. 
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Figure 5 Figure 6 


Nozzle Retaining Nut Removal Needle Valve Removal 
1. Wrench 1. Needle Valve 3. Nozzle 
2. Nozzle Nut Socket, Too! No. CT.9009 or 8126 2. Nozzle Holder 
3. Nozzle Retaining Nut 
4. Injector 
5 


. Holding Fixture, Tool No. 1719 


3. Use Socket, Tool No. CT.9009 or 8126, to INSPECTION AND REPAIR 


remove the nozzle retaining nut, Figure 5. 
Lift off the nozzle and needle valve 1. Clean the needle valve and nozzle by 


assembly then withdraw the needle vaive, soaking in a carbon solvent and brushing 

Figure 6. with a soft wire brush. To prevent 
corrosion rinse the nozzle and valve in 
clean fuel oil. 


A. Bikes si Komboncats in eieaw fUELOll 2. Use the tools included in the Injector 
P Nozzle Cleaning Kit, Tool No. FT.9101 or 
1720 to clean the nozzle as follows: 


(i) Clean the nozzle pressure chamber 
NOTE: As the nozzles and needle valves are a using the pressure chamber drill, 
lapped fit they are not interchangeable. Figure 7. 


Figure 7 


Cleaning Nozzle Pressure Chamber 
1. Pressure Chamber Drill 


2. Nozzle 


(ii) 


(iii) 


(iv) 


(v) 


Clean the spray holes with the nozzle 
cleaning wire held in a pin vice, Figure 
8. 


Clean the valve seat with the valve 
seat scraper. 


Use a Reverse Flush Nozzle Adaptor, 
Tool No. CT.9024 or 8124, on the 
injector tester, Figure 9, and reverse 
flush the nozzle to remove the carbon 
loosened during Steps (i) to (iv). 


After flushing the nozzle, polish the 
valve seat by placing a very small 
amount of tallow on the end of a 
polishing stick and rotate in the 
nozzle. 
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Cleaning Nozzle Spray Holes 
1. Pin Vice 3. Nozzle 
2. Nozzle Cleaning Wire 


3. Clean the top of the needle valve using a 
needle valve scraper, Figure 10. 


4. \f the nozzle leak-back test time was less 
than five seconds or the valve sticks, the 
valve and nozzle should be lapped together 
by placing the tip end of the nozzle in a drill 
chuck having a speed of 450 rev/min or 
less. Spread a small amount of tallow over 
the valve surface. Insert the valve into the 
rotating noozzle, centralise and apply 
slight pressure as the chuck turns. 


NOTE: Do not lap the valve for more than five 
seconds at a time. Alfow the parts to cool 
between /apping. 
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Reverse Flushing the Nozzle 


1. Injector Tester 

2. Tester Pump Handle 

3. Reverse Flush Nozzle Adaptor, 
Tool No. CT.9024 or 8124 


RE-ASSEMBLY 


1. Clean all parts in fuel oil prior to re- 
assembly. Rinse all parts in clean fuel oil 
and assemble the components whilst still 
wet. 


2. Position the nozzle and valve assembly 
onto the nozzle holder and ensure the 
dowel pin holes are correctly located, 
Figure 11. Hold the injector body in the 
fixture, install the retaining nut with a new 
washer and tighten to the correct torque, 
see Page 6, ‘Specifications’ — Chapter 4. 


4. Nozzle 
5. Nozzle Retaining Nut 


Install the spindle, spring disc, spring and 
adjusting nut. Turn the nut until spring 
pressure is felt. 


To set the nozzle opening pressure, 
connect the injector to the injector tester. 
Tighten the adjusting nut, Figure 12, until 
the specified opening pressure Is achieved. 


Install the cap nut with a new copper 
washer and re-test the injector. If the 
injector fails any of the tests after cleaning, 
replace the nozzle and valve. 
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Figure 10 
Cleaning Needle Valve Tip 


1. Needle Valve Scraper 
2. Needle Valve 


INSTALLATION 


Installation is the reverse of the removal 
procedure. Fit new cork and copper 
sealing washers to the injector and new 
copper sealing washers to the leak-off pipe 
banjo fitting. Tighten the mounting nuts 
and fuel line nuts to the correct torques, 
see Page 6, ‘Specifications’ — Chapter 4. 


Bleed the fuel system. See ‘Adjustments’ 
— Chapter 1. 


If the injectors are to be stored before 
installation, clean in calibrating _ oil. 
Storage for longer than 12 months may 
result in the necessity of disassembling and 
cleaning the injectors before installation. 


Figure 11 
Assembling the Injector 
1. Nozzle Holder 
2. Nozzle 
3. Dowel pin Holes 
4. Locating Dowels 


Figure 12 
Nozzle Opening Pressure Adjustment 
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PART 2 
FUEL SYSTEM 


Chapter 3 
FUEL INJECTION PUMP — IN-LINE TYPE 
Section Page 
A. DESCRIPTION AND OPERATION 1 
B. TIMING THE PUMP TO THE ENGINE 8 
C. OVERHAUL 9 
D. TEST PROCEDURES 25 
E. BOOST CONTROL 29 


A. DESCRIPTION AND OPERATION 


The pump is mounted at the front right-hand 
side of the engine being driven by a gear timed 
to the camshaft drive gear, see “ENGINE 
SYSTEMS” — Part 1. 


An exploded view of the in-line type fuel 
injection pump is shown in Figure 1. 


The fuel injection pump is of the constant 
stroke, in-line type, driven at half engine speed 
by the timing gears. There is one pumping 
element per cylinder actuated through tappet 
rollers by a fully enclosed camshaft. 


PUMP ELEMENTS 


The pumping elements accurately meter and 
deliver the fuel to the injectors. 


Each of the pumping elements consists of a 
barrel and plunger lapped together to give an 
accurate fit, Figure 2. Two diametrically 
opposed drillings in the barrel form fuel inlets 
and the barrel is splined, with a master spline, 
for correct location within the pump body. 
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Figure 1 
In-Line Fuel injection Pump — 
Exploded View 

1. Governor End Cover 13. Stop Control Lever 

2. Pump Drive Gear Adaptor 14. Tappet Assembly 

3. Thrust Pad 15. Control Fork 

4. Governor Weight Assembly 16. Pumping Element 

5. Stop Quadrant 17. Return Spring 

6. Carrier 18. Delivery Valve 

7. Rocking Lever 19. Volume Reducer 

8. Fuel Lift Pump 20. Maximum Fuel Stop Screw 
9. Governor Main Control Spring 21. Pump Body 
10. Camshaft 22. Control Rod 
11. Idle Speed Adjusting Screw 23. Maximum Fuel Stop Lever 
12. Maximum Speed Adjusting Screw 24. Stop Control Shaft 


An annular groove is machined around the The plunger also has a fuel port which 


plunger in which fuel leaking between the terminates in a helical groove machined in the 
barrel and plunger may accumulate. This periphery of the plunger. The purpose of the 
leakage provides lubrication of the barrel and groove is to control the effective pumping 
plunger surfaces. stroke of the plunger. 
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Pumping Element Operation 


Ol 


With reference to Figure 3. 


A. With the plunger at the bottom of the 
stroke, fuel flows into the barrel through 
the two inlet ports to fill the space above 
the plunger, the centre drilling and the 
helical groove. 


B. As the plunger rises, the two inlet ports in 
the barrel are just covered and the fuel is 
trapped. This point is called ‘spill cut-off’ or 
‘point of injection’. Further upward 
movement of the plunger tends to 
pressurize the trapped fuel until the 
delivery valve, which acts as a non-return 


and unload valve, is lifted from the seat and : dala : 
allows the fuel to pass along the pipeline to aren ane images 
at ; 1. Helical Slot 4. Barrel 
the injector. The pressure developed lifts a. An nilar GiOove 5. Master Spline 


the injector needle valve off the seat and 
injection takes place. 


3. Plunger 6. Inlet Port 


C. Injection ceases when the upper edge of 


the helical groove just uncovers the lower 
edge of the inlet port. The pressurized fuel 
is allowed to escape back through the 
drilling to the low pressure area of the inlet 
port. 


Figure 3 
Pumping Element Operation 


A. Fuel Enters 
B. Spill Cut-off 


This pressure drop causes the injector 
needle valve to close and injection to 
cease. After fuel delivery, the plunger 
continues to the top of the stroke to be 
returned by a spring for the next cycle. 


C. Injection Ceases 
D. No Delivery 
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The effective pumping stroke is the 
distance between the top of the plunger 
and the point on the helical groove which 
uncovers the inlet port. 


If the plunger is rotated clockwise so the 
helical groove now uncovers the inlet port 
at a lower point on the plunger, the 
pumping stroke and the amount of fuel 
injected will be increased. 


Conversely, if the plunger is rotated 
counter-clockwise, the effective pumping 
stroke and the amount of fuel injected will 
be reduced. The rotation of the plunger is 
effected by an arm at the base of the 
plunger which engages with a fork on the 
control rod. Movement of the control rod 
towards the rear of the engine turns the 
plungers clockwise and increases the fuel 
flow. 


D. At this stage the plunger has rotated to a 
position where the helical groove has 
reached the bottom of the inlet port before 
the plunger has risen sufficiently to close 
both inlet ports. 


During the remainder of the plunger stroke 
the helical groove remains in contact with 
the inlet port so no pressure is produced 
and no injection can take place. 


This is the ‘no delivery’ or ‘stop’ position 


which occurs when the stop lever moves 


the control rod to the fully forward 
position. 


NOTE: 7he plungers have a slot machined 
across the crown. When the excess fuel device 
is operated and the control rod is in the 
maximum fuel position, the slots align with the 
inlet ports of the barrel to retard inlet port 
closure and assist easy starting. 


DELIVERY VALVES 


Located above each pumping element is a 
delivery valve assembly, Figure 4, which 
consists of astem operating within a cylindrical 
guide which terminates in a conical seat. The 
lower part of the stem has four vertical flutes 
which accurately locate within the guide whilst 
permitting fuel to pass. Above the flutes is a 
piston which is a lapped fit in the bore of the 
valve guide. 


The delivery valve serves as a non-return valve 
and also as a means of rapidly reducing the fuel 
pressure in the injector pipeline when injection 
ceases. Rapid pressure reduction is required to 
ensure the injector needle valve ‘snaps’ shut to 
prevent fuel ‘dribble’, a condition which can 
cause carbon formation on the injector tip. 


~ 


“ 
see 
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. The plunger has risen and closed both inlet 
ports. Injection has now commenced. The 
fuel pressure lifts the delivery valve off the 
seat until the piston is clear of the guide 
which permits fuel to pass to the injector. 


Figure 4 Figure 5 
Delivery Valve Assembly Delivery Valve Operation 
1. Piston A. Valve Closed 
2. Valve Guide B. Valve Open 
3. Conical Seat C. Valve Closing 
1. Piston 
2. Valve Guide 
3. Conical Seat 
4. Spring 
Delivery Valve Operation C. The helical groove has uncovered the inlet 
port and released the fuel pressure. The 
With reference to Figure 5. delivery valve spring, assisted by the high 
pressure still existing in the pipeline, 
compels the valve to close rapidly. During 
closing, the piston portion of the valve 
returning into the guide increases the 
volume of the pipeline by the volume of this 
part of the vaive. 
A. The pump plunger is at the bottom of the 
stroke and the inlet ports are uncovered so 
the barrel and delivery valve guide are filled 
with fuel. As the fuel is at low pressure the This sudden increase in the volume of the 
delivery valve is retained on the seat by the pipeline causes a rapid collapse of pressure 
spring. and allows the injector needle valve to 
‘snap’ shut. 
GOVERNOR 


The pump incorporates a mechanical governor 
which adjusts the fuel delivery to suit the 
engine speed and load requirements. Enclosed 
within the governor housing is an excess fuel 
device and stop control. 
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The governor weight assembly consists of six 
weights held in a carrier mounted on the 
camshaft. Between the carrier and the 
governor main control spring is an actuating 
spacer, sleeve, thrust beéring and thrust pad. 
The thrust pad is engaged through pins with a 
U shaped rocking lever which pivots on the 
governor spring control shaft and is connected 
by a spring loaded link plate to the pump 
control rod. 


GOVERNOR OPERATION 


With reference to Figure 6. 


As engine speed increases, the caged 
governor weights are thrown outwards by 
centrifugal force. The outward action causes 
the weights to pivot within the cage and push 
the governor sleeve along the camshaft 
against the resistance of the governor main 
control spring. 


The pump control rod, which is linked to the 
governor sleeve through the rocking lever, 
moves towards the minimum fuel position and 
produces a corresponding reduction in engine 
speed to the required level. 


Conversely, when engine speed decreases, the 
force applied by the governor control spring 
will exceed the centrifugal force produced by 
the weights and the pump control rod will 
move towards the maximum. fuel delivery 
position until the balance condition is again 
achieved and the engine speed is restored to 
the required level. 


The governor main control spring thus 
provides the resistance to weight movement 
necessary to maintain accurate speed control. 


The excess fuel stop device is enclosed within 


the governor housing. Excess fuel is provided 
by depressing a knob on the outside of the 
pump body. This knob is connected to an 
internal stop lever which is normally interposed 
between a fork on the control rod and the 
maximum fuel stop screw. When the knob is 
depressed, the maximum fuel stop lever moves 
to one side to allow the control rod to move 
further rearward and provide fuel in excess of 
normal requirments. 


A baulk spring is connected to the fork to allow 
excess fuel to be supplied with the engine 
stopped but prevent the control rod from being 
moved to the excess fuel position when the 
engine is running. 


To start the engine, the throttle is opened to 
tension the governor main control spring and 
move the thrust pad and control rod forward to 
the maximum fuel position, or excess fuel 
position, if the excess fuel device is operated. 


To stop the engine, the stop control is 
operated by an external lever connected to the 
internal stop lever adjacent to the maximum 
stop lever. The stop lever acts on the control 
rod fork to move the control to the ‘no delivery’ 
or ‘stop’ position. 
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. End Cover 

. Drive Gear Adaptor 
. Bearing Shim(s) 

. Lockwasher 

. Retaining Nut 


Front Bearing 


. Governor Control Spring 
. Rocking Lever 

. Control Shaft 

. Control Spring Pin 

. Thrust Pad 
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Figure 6 
Fuel Injection Pump Governor System 
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. Thrust Bearing 

. Sleeve 

. Camshaft 

. Actuating Spacer 
. Governor Weight 
. Carrier 

. Maximum Stop Fork 
. Stop Lever 

. Link Plate 

. Control Rod 

. Thrust Pad Spacer 
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B. TIMING THE PUMP TO THE ENGINE 


Figure 7 
Flywheel Access Cover 


1. Flywheel Access Cover 
2. Oil Pan 
3. Transmission Case 


IMPORTANT: Whenever diagnosing a fuel 
injection problem first ensure the fuel pump to 
engine timing is correct according to the 
following procedure. 


1. 


Remove the flywheel access cover located 
toward the rear of the right hand side of the 
engine, Figure 7. 


With the engine stop control pulled out use 
a box and wrench on the crankshaft pulley 
retaining bolt to turn the engine crankshaft 


clockwise until No. 1 cylinder is on the 


compression stroke and the correct 
flywheel timing mark aligns with the arrow 
by the timing aperture, Figure 8. See ‘Test 
Plans’ — Chapter 4. 


Figure 8 
Timing Opening 
1. Arrow 
2. Timing Marks 
3. Flywheel 


NOTE: 7o eliminate backlash in the timing 
gears, always turn the crankshaft clockwise as 
viewed from the front of the tractor. 


3. Drain the coolant from the radiator and 


5. 


remove the bottom radiator hose. 


Remove the timing cover from the engine 
front cover. 


Inspect the timing marks for alignment. If 
the timing marks are misaligned by more 
than 90° then No. 1 cylinder is on the 
exhaust stroke and the engine must be 
turned over a further revolution to re-align 
the timing marks on the flywheel. 
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6. If the timing marks are slightly misaligned 
then the pump must be re-timed as 
follows: 


Slacken the three gear-to-pump bolts and 
rotate the pump drive gear adaptor to align 
the timing marks on the pump body and 
the pump drive gear adaptor, Figure 9. 
Tighten the bolts to the correct torque, see 
Page 6, ‘Specifications’ — Chapter 4. 


7. Replace the timing cover. 


8. Replace the flywheel timing cover. 


9. Replace the bottom radiator hose and fill 
the cooling system with the correct grade 
and quantity of coolant. 


Figure 9 
Injection Pump Timing 
1. Gear Adaptor 4. Pump Gear Plate 
2. Retaining Bolts 5. Timing Marks 
3. Pump Gear 


C. OVERHAUL 


IMPORTANT: Whenever diagnosing a fuel 
injection problem first ensure the fuel pump to 
engine timing Is correct and that the fuel /ift 
pump is functioning correctly by carrying out 
the following checks using test kit No. FT.9103 
or 2843. 


FUEL LIFT PUMP 


INTERNAL CONTAMINATION CHECK 


1. Turn the fuel tank shut-off valve to the ‘Off’ 
position. 


2. Withdraw the center bolt and remove the 
pump cover plate from the fuel lift pump, 
Figure 10. 


3. Check the area inside the lift pump 
chamber for any accumulation of dirt or 
foreign matter. Wash the inside of the 
chamber with fuel oil if dirt is present. 


4. Install the pump cover plate and tighten to 
the correct torque. See Page 6, ‘Specifica- 
tions’ — Chapter 4. 


Figure 10 
Internal Contamination Check 
1. Lift Pump 
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Figure 11 
Lift Pump Pressure Check 


1. Pressure Gauge 
2. Pressure Gauge Tube 
3. Lift Pump 


LIFT PUMP PRESSURE CHECK 


1. Disconnect the fuel pressure line at the top 
side of the fuel lift pump and install the 
Pressure Gauge and Tube Assembly, 
Figure 11. 


2. Turn the fuel tank shut-off valve to the 
‘ON’ position. 


3. Using the fuel lift pump priming lever, 
‘pump up’ the lift pump until the pointer on 
the gauge rises to its maximum obtainable 
level. 


NOTE: /f no resistance is felt when pumping 
the priming lever and no gauge pressure Is 
recorded, it is possible that the injection pump 
camshaft is positioned so that the lift pump 
rocker lever is in neutral position. Momentarily 
turn the engine over and repeat Step No. 3 
above. : 


4. Observe the pressure reading on the 


gauge. The pressure should be a minimum. 


of 2.5 Ibf/in? (0.17 bar) (0.18 kgf/cm?) and 
should hold for a minimum of five minutes. 
If the pressure does not hold for a minimum 
of five minutes, install a new fuel lift pump. 
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Figure 12 
Air Leakage Check 
1. Plastic Tube 


2. Lift Pump 
3. Fuel Filter 


5. Turn the fuel tank shut-off valve to the ‘Off’ 
position. 


6. Remove the pressure gauge and tube 
assembly. 


AIR LEAKAGE CHECK 


1. Assure that the fuel tank shut-off valve is 
turned to the ‘Off’ position. 


2. Completely remove the line connecting the 
pressure side of the lift pump and the fuel 
filter. 


3. Install the 24 in (60.9 cm) clear plastic tube, 
as shown in Figure 12. Tighten the fitting at 
the lift pump securely. Tighten the fitting 
at the filter finger tight. 


4. Turn the fuel tank shut-off valve to the ‘On’ 


position and when all air is expelled from 
the line, tighten the fitting at the filter 
securely. 
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5. Start the engine and while the engine is 
running at low idle, observe the clear 
plastic tube for any signs of air bubbles. If 
signs of air bubbles are present, check all 
fuel line fittings for tightness or stripped 
threads. 


NOTE: Small quantities of tiny air bubbles 
flowing in the fuel is permissible. Large air 
bubbles flowing in the fuel is a sign of air 
leakage in the fuel system. 


6. Ifall fuel line fittings are securely tightened, 
check the threads in the inlet and outlet 
ports of the fuel lift pump. If the threads are 
damaged in any way, install a new fuel lift 


pump. 


FUEL LIFT PUMP 
REMOVAL 
1. Disconnect the battery. 


2. Turn the fuel shut-off valve to the ‘Off’ 
position and disconnect the fuel inlet and 
outlet lines from the fuel lift pump. 


3. Withdraw the two nuts securing the pump 
to the injection pump cam box and remove 
the pump and gasket. 


DISASSEMBLY 
With reference to Figure 13. 


1. Remove the screw and washer which 
secure the pump cover plate and lift of the 
cover and rubber pulsator diaphragm. 


2. Mark the positions of the two body halves 
of the pump and the position of the 
diaphragm and pull rod assembly so that 
they can be reassembled in the same 
relative positions. 


3. Remove the six screws and washers 
securing the two body halves of the pump 
together. If necessary, punch back the 
staking and remove the valves from the 
outer half. 


11 


4. Push down the diaphragm and disengage 


the pull rod, then lift out the diaphragm 
and pull rod assembly and the return 
spring. 


5. Drive out the retaining pin holding the 
priming lever and withdraw the lever, seal 
and lever spring. 


6. Tap out the pivot pin and withdraw the 
rocker arm and lever. Do not lose the small 
spring fitted between the rocker arm and 
the housing. 


RE-ASSEMBLY 


1. Insert the rocker arm and lever and small 
spring. Install the pivot pin and stake it into 
place. Stake the pin in three places, 120° 
apart. 


2. Install a new seal on the priming lever. 
Position the lever spring on the lever, and 
insert the assembly into the priming lever 
bore. Hold the lever in position and drive in 
the retaining pin. 


NOTE: Be sure the retaining pin is installed 
below the machined surface of the inner body 
or damage to the diaphragm may result. 


3. Install the diaphragm return spring on the 
diaphragm and pull rod assembly. Insert 
the assembly into the inner body. Hold the 
rocker arm lever inward and hook the 
slotted end of the pull rod over the end of 
the rocker arm lever. Test the operation of 
the rocker arm and diaphragm by moving 
the rocker arm toward the body with the 
diaphragm moved inward. With the 
diaphragm held fully inward, the rocker 
arm should be free to move without 
transmitting motion to the diaphragm. 
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Figure 13 
Fue! Lift Pump 


Rocker Arm 

Pivot Pin 

Rocker Arm Lever 

Spring 

Priming Lever 

Seal 

Retaining Pin 

Diaphragm and Pull Rod Assembly 
Outer Body Assembly 

Washer 


If the valves have been removed from their 
locations in the outer body, install and 
stake them in position. The valves should 
be examined to be sure they are seating 
correctly. 


Reassemble the two pump halves and 
install the six screws and lockwashers. 
Fully depress the rocker arm to stretch the 
diaphragm, then tighten the six screws 
securing the two halves of the body to the 
correct torque. See Page 6, ‘Specifica- 
tions’ — Chapter 4. 
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. Screw 

. Washer 

. Screw 

. Pump Cover Plate 

. Pulsator Diaphragm 
. Valves 

. Return Spring 

. Inner Body 

. Reinforcing Plate 

. Rocker Arm Spring 


Install the rubber pulsator diaphragm and 
pump cover plate with the screw and 
washer. Tighten the screw to the correct 
torque. See Page 6, ‘Specifications’ — 
Chapter 4. 


INSTALLATION 


lL 


Use a new gasket and install the pump on 
the injection pump cam box with the two 
nuts and lockwashers. 


Connect the fuel inlet and outlet lines. 


ek 
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3. Ensure the pump retaining nuts and fuel 
line connections are tightened to the 
correct torque. See Page 6, ‘Specifica- 
tions’ — Chapter 4. 


4. Turn the fuel shut off valve to the ‘On’ 
position and bleed the fuel system. See 
‘Adjustments’ — Chapter 1. 


DELIVERY VALVE AND GUIDE 


Replacement of a delivery valve and guide 
and/or spring, which can be accomplished 
with the injection pump in situ, should only be 
carried out in an emergency as_ the 
characteristics of the new parts may slightly 
alter fuel delivery from the element concerned. 
The pump calibration should be checked. as 
soon as possible after installation of the new 
parts. The delivery valve and guide are a 
matched assembly and should only be installed 
as a pair. 


REMOVAL 


1. Remove the injector line from the delivery 
valve retainer of the element concerned. 
Loosen the delivery valve retainer clamp 
screw and remove the retaining clamp 
assembly. 


Use Socket, Tool No. FT.9100 or 1436, to 
unscrew the delivery valve retainer and 
extract the volume reducer, delivery valve 
spring and delivery valve. 


2. With the respective plunger at the bottom 
of the stroke, insert the expanding end of 
the Delivery Valve Guide Remover, Tool 
No. CT.9022 or 8055, into the valve guide 
bore until the projecting lips of the tool 
locate the underside of the valve guide. 
Turn the engine slowly. The guide and 
nylon washer will be pushed out of the 
pump body. Discard the nylon washer. 
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INSTALLATION 


1. 


Thoroughly rinse the new delivery valve 
guide and nylon washer in clean fuel oil and 
press the guide and washer into the bore to 
touch the top of the plunger barrel. 


Clean the delivery valve, spring and volume 
reducer and install with the valve guide. 


Insert the delivery valve retainer and 
tighten to the correct torque, see Page 6, 
‘Specifications’ — Chapter 4. 


Locate the delivery valve retainer clamps 
and tighten the securing screws. 


Re-connect the injector line. 


FUEL INJECTION PUMP 


REMOVAL 


ie 


Clean all dirt from the injection pump and 
surrounding parts. 


Disconnect the tachometer cable. 


Remove the flywheel timing cover and turn 
the crankshaft clockwise until No. 1 
cylinder is on the compression stroke and 
the correct flywheel timing mark (See ‘Test 
Plans’ Section C — Chapter 4), aligns with 
the arrow by the timing aperture, Figure 8. 


Turn the fuel shut-off valve to the ‘“OFF” 
position. 


Drain the coolant from the radiator and 
remove the bottom radiator hose. 


Ooh Wh — 


Figure 14 
Fuel Injection Pump Installed 


. Fuel Shut-Off Control 

. Lift Pump to Filter Tube 

. Sedimenter to Lift Pump Tube 

. Injection Pump Lubrication Tube 
. Filter to Injection Pump Tube 

. Fuel Injection Tubes (6 off) 


6. Disconnect and remove all fuel lines from 


the injection pump and cap all openings, 
Figure 14. Use Wrench, Tool No. 9672 to 
disconnect the fuel injection tubes. 


7. Disconnect the throttle and fuel shut-off 


control linkage. 


8. Remove the lubrication tube. 


9. Remove the timing cover from the engine 


front cover. 


10. Withdraw the three bolts retaining the 


pump drive to the injection pump timing 
gear, Figure 9. 
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. Remove the’ socket 
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. Withdraw the pump mounting bolts and 


lockwashers then remove the pump from 
the engine front cover plate. Cap all the 
pump openings. 


DISASSEMBLY 


With reference to Figure 15. 


1. Remove the drain plug and discard the 


pump lubricant then remove the fuel lift 
pump from the injection pump. 


Loosen the delivery valve retainers using 
splined socket, Tool No. FT.9100 or 1436. 


headed screws 
securing the pump body to the main pump 
housing; unscrew evenly to release 
plunger spring pressure. Lay the assembly 
on the bench with the inspection cover 
facing downwards and rotate the pump 
body down and away from the main 
housing to disengage the plunger arms 
from the control forks. Separate the pump 
body from the main housing, Figure 16, 
and ensure the tappet assemblies do not 
fall out of the main housing or the plungers 
out of the barrels. 


CHAPTER 3 


—_ o_-A —) 
WACO ONOMAWN— 


Figure 15 
In-Line Fuel Injection Pump — 


. Stop Control Lever 

. Tappet Assembly 

. Control Fork 

. Pumping Element 

. Return Spring 

. Delivery Value 

. Volume Reducer 

. Maximum Fuel Stop Screw 
. Pump Body 

. Control Rod 

. Maximum Fuel Stop Lever 
. Stop Control Shaft 


. Governor End Cover 
. Pump Drive Gear Adaptor 


Thrust Pad 
Governor Weight Assembly 


. Stop Quadrant 


Carrier 


. Rocking Lever 

. Fuel Lift Pump 

. Governor Main Control Spring 

. Camshaft 

. Idle Speed Adjusting Screw 

. Maximum Speed Adjusting Screw 


4. Remove the plungers, springs and spring 


seats from their respective barrels and keep 
each set together. Remove the delivery 
valve retainers, delivery valves, springs 
and volume reducers. Keep each set 
together and place them with the 
corresponding plungers, springs and 
spring seats. 
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Exploded View 


. Carefully tap the base of the pump barrels 


with a hide or copper mallet to free the 
splines. Withdraw the barrels, delivery 


valve guides and sealing washers. 


Keep these components in sets with the 
parts already removed. 
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Figure 16 Figure 17 
Removing Pump Body Tappet Assembly 
1. Pump Body 2. Pump Housing 1. Snap Ring 4. Tappet Pin 
| 2. Phasing Spacer 5. Roller Bushing 
3. Tappet Body 6. Tappet Roller 
6. Lift out the tappet assemblies and retain in 10. Mark the control lever and control shaft to 
their respective order. If necessary, aid correct alignment on reassembly, 
dismantle by removing the snap ring slacken the control lever clamp screw and 
retaining the phasing spacer and pushing slide the lever off the control shaft. 
out the tappet pin to enable the tappet 
roller and bushing to be removed, Figure 
17. Unless new parts are to be installed, 
keep each phasing spacer with the 
respective tappet. 
11. Slacken the stop quadrant clamp screw 
and slide the stop quadrant to the end of 
the shaft, the quadrant may be left on the 
7. Slide out the “‘T”’ pieces from the location shaft to maintain alignment. 
between each tappet, Figure 18. 
8. Remove the pump drive gear adaptor nut. 
Use Puller, Tool No. 518 or 9539, to remove 
the adaptor, Figure 19. Extract the key 12. Remove the “’E” clip, flat washer and “‘O”’ 
from the camshaft. ring seal from the control shaft. Remove 
the self-locking nut from the governor 
control spring pin, Figure 20. Rotate the ‘ 
shaft through 180° and remove the pin. if 
Withdraw the control shaft and lift out the 7 
9. Remove the governor end cover. governor control spring. 
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Figure 18 
Removing ‘‘T”’ Pieces 
1. ““T’’ Piece 
13. Slide the camshaft and governor assembly 


14. 


15. 


16. 


17. 


forward out of the pump _ housing. 
Disengage the rocking lever link plate from 
the control rod and remove the rocking 
lever and link plate assembly from the 
governor when free of the housing. 


Remove the screws securing the pump 
housing cover plate. Withdraw the plate 
and rubber sealing ring. 


Remove the screw locating the cover plate 
retainers. Turn the retainers through 90° 
and withdraw from the housing. 


Loosen the socket headed screws securing 
the control forks to the control rod. 
Withdraw the control rod from the front of 
the housing and, atthe same time, remove 
the control forks from the rear of the rod. 


Remove the oil seals from the governor end 
cover and the rear of the pump housing. 
The seals are a light press fit in the bores. 
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Figure 19 
Drive Gear Adaptor Removal 


1. Drive Gear Adaptor 


2: 


Le IP oNS 


Puller, Tool No. 518 or 9539 


Figure 20 
Governor Assembly 
Thrust Pad 
Link Plate 
ial ies Clip 


Control Shaft 

Governor Control Spring Pin 
Governor Control Spring 
Camshaft Bearing 

Link Plate 
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Figure 21 
Bearing Outer Track Removal 


1. Outer Track 
2. Expander 
3. Collet 


18. 


19. 


Use Remover, Tool No. CT.9050 or 8057, 
to remove the bearing outer tracks from 
the cover plate and pump housing, Figure 
21. The collet of the tool locates behind the 
bearing outer track and the expander locks 
the collet firmly in position. The bearing 
outer track can then be pressed out. 


Using Pulling Attachment, Tool No. 952 or 
9526, Shaft protector, Tool No. 625A or 
9212 and either a Puller, Tool No. 1002 or 
9198 or a press, to remove the bearings 
from the camshaft, Figure 22. 


NOTE: Shims are inserted behind the inner 
races to adjust camshaft end float. Take care to 
ensure the shims are returned to their original 
positions on the camshaft when the pump is 
re-assembled. 


20. 


Withdraw from the front of the camshaft 
the oil slinger, spacer, thrust pad, thrust 
bearing and thrust washer. 
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21. 


23. 


24. 


Figure 22 
Camshaft Bearing Removal 
1. Shaft Protector, Tool No. 625A or 9212 
2. Pulling Attachment, Tool No. 952 or 9526 
3. Camshaft Bearing 
4. Pump Camshaft 


Carefully remove the sleeve, governor 
weights and actuating spacer from the 
Carrier. 


. Bend back the locking tabs on the four 


bolts securing the carrier to the camshaft 
and remove the bolts and carrier. 


Tap out the pin retaining the maximum fuel 
stop lever to the excess shaft, remove the 
rubber shroud and stop control lever, then 
extract the spring ring and shims, Figure 
23. Unscrew the outer bearing cap and 
remove the return spring. Slide the excess 
shaft out of the housing and, at the same 
time, remove the stop lever, stop shaft 
assembly and “O” ring. | 


Remove the pump control rod front 
bushing by tapping the retaining pin into 
the centre of the bushing and then tapping © 
the bushing out of the housing. The 
retaining pin is located in a drilling from the 
main housing to pump body face. 
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Figure 23 
Stop Shaft Assembly 
1. Stop Control Lever 7. Retaining Pin 
2. Rubber Shroud 8. Return Spring 
3. Spring Ring 9. Outer Bearing Cap 
4. Shim 10. Maximum Fuel Stop Lever 
5. Stop Shaft Assembly 11. Excess Shaft 
6. Fibre Washers 12. ““O” Ring 
INSPECTION AND REPAIR Place a new “OQ” ring on the stop shaft, 
install sufficient shims to pinch the ‘’O”’ 
Clean all parts in calibrating oil. Discard all ‘‘O”’ ring and retain with the spring ring. Align 
rings, seals and gaskets, tab washers and the the holes in the maximum fuel stop lever 
control spring pin locknut. Any worn or and the excess shaft then insert the 
damaged parts must be renewed. retaining pin. 
RE-ASSEMBLY 3. Using a Step Plate, Tool No. 630S or 9210 
of suitable diameter press the pump 
1. Locate the control rod front bushing in the camshaft bearing outer tracks into the 
main housing with the locating hole main housing and the governor end cover. 


upwards. Install and tap the retaining pin 
down through the housing to just locate in 


the housing wall. a 
4. Position the carrier onto the camshaft and 


install the four bolts with new tab washers 
and tighten to the correct torque. See Page 
6, ‘Specifications’ — Chapter 4. Bend the 
locking tabs over the bolt heads. 


2. Locate the stop shaft assembly in the 
housing and partially insert the excess 
shaft to pick up the stop shaft assembly. 
Install the fibre washers and maximum fuel 
stop lever. Fully insert the excess shaft and 
install the return spring and outer bearing 5. Install the actuating spacer, governor 
cap. weights and sleeve into the carrier. 
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Figure 24 
Camshaft Bearing Installation 


1. Press 

2. Pump Camshaft 
3. Camshaft Bearing 
4. Sleeve 


6. Install the thrust washer thrust bearing, 


thrust pad, spacer and oil slinger on the 
camshaft. The dished face of the oil slinger 
must be toward the governor. 


7. Divide the shims equally and install at each 
end of the camshaft. Press the camshaft 
bearings onto the camshaft with a press 
and sleeve of suitable diameter, Figure 24. 


. Locate the bearing assemblies on the inner 
tracks and pack with grease. Install the 
camshaft in the main housing and secure 
the governor end cover. Use Dial indicator 
Gauge, Tool No. CT.9017 or 8053 and 
Adaptor, Tool No. CT.9017-1 or 8054, to 
check the camshaft end float, Figure 25. If 


the end float is not within the specified © 


limits, remove the camshaft and add or 
remove shims as required. For end float 
limits and shim thicknesses, see ‘Test 
Plans’ — Chapter 4. 


9. 


10. 


11. 
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Figure 25 
Checking Camshaft End Float 
1. Dial Indicator Gauge, Tool No. CT.9017 or 8053 
2. Adaptor, Tool No. CT.9017-1 or 8054 


Remove the governor end cover -and 
camshaft from the housing and insert the 
oil seals, lips facing inwards, into the 
housing and end cover. 


Insert the control rod into the front bushing 
and feed the control forks onto the rod 
before it enters the rear bushing. Position 
the rear fork 0.020 in (0.5 mm) from the end 
of the square section of the rod, Figure 26. 
Position the remaining forks opposite their 
respective tappet bores and tighten the 
socket headed retaining screws. 


Install the rocking lever and link plate 
assembly and engage the pins on the inside 
of the lever with the groove in the governor 
thrust pad. Insert the camshaft and 
rocking lever assembly into the main 


‘housing and engage the top of the link 


plate with the pin on the control rod. 


Take care not to damage the rear oil seal 
when inserting the camshaft. 


Figure 26 
Rear Control Fork Setting 


1. 0.020 in (0.5 mm) 
2. Control Rod 
3. Rear Control Fork 


12. 


13. 


14. 


Position the main control spring between 
the arms of the rocking lever with the 
rounded section of the spring arms in 
contact with the front face of the thrust 
pad. 


Install new “O” rings in the control shaft 
bushings and insert the control shaft 
through the bushing, rocking lever and 
main control spring. Secure the control 
shaft with the washers and “’E” clips. 


Rotate the control shaft until the narrow 
machined flat in the centre is facing 
outwards. Locate the control spring pin in 
the centre of the shaft and ensure the flats 
in the pin head engage with the machined 
flat. Rotate the shaft so the head of the pin 
is located in the centre of the control spring 
and ensure the pin is not displaced in the 
process. Retain the pin with a new self- 
locking nut and tighten to the correct 
torque, see Page 6, ‘Specifications’ — 
Chapter 4. ? 
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Figure 27 
Installing ‘“T’’ Pieces 


1. ““T”’ Piece 


15. 


16. 


17. 


18. 


Install a new gasket then position the 
governor end cover and secure with the 
bolts and lockwashers 


Position the key and pump drive gear 
adaptor on the shaft and secure with the 
nut and spring washer. Tighten to the 
correct torque, see Page 6, ‘Specifica- 
tions’ — Chapter 4. 


With the control rod fully forward and the 
control shaft rotated so that the control 
spring arms are in contact with the thrust 
pad, install the control lever and stop 
quadrant to their respective ends of the 
control shaft. The stop quadrant should be 
installed with the straight edge vertical and 
the contro! lever installed so that it is 
inclined approximately 10° from. the 
vertical toward the rear of the pump. 
Tighten the clamp screws securely. 


Position the “T’’ pieces in the slots 
between the tappet bores, Figure 27. 
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Figure 28 
Delivery Valve Assembly 

1. Pump Body 6. Delivery Valve Retainer 

2. Barrel 7. Delivery Valve 

3. Master Spline 8. Seal 

4. Spring 9. Delivery Valve Guide 

5. Volume Reducer 10. ““O” Ring 

19. Assemble the tappet assemblies in reverse 20. Position the tappet assemblies in their 
order to the disassembly procedure. If new respective bores and take care not to 
tappet assemblies or barrels and plungers dislodge the ‘’T”’ pieces. 
are installed, a phasing spacer of 
intermediate thickness should be inserted 21. Rinse the barrels in clean fuel, or 
and, if necessary, adjusted during the calibrating oil, and insert in the pump 
phasing procedure. body. Engage the master splines of the 


barrels with those of the body, Figure 28. 
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Figure 29 
Pump Valve Assembly 
1. Spring Seat 
2. Plunger 
3. Return Spring 
4. Barrel 


22. Thoroughly rinse the delivery valve guides 
in clean fuel, or calibrating oil, and insert 
with new nylon seating washers. 


23. Insert the delivery valves, springs and 
volume reducers into their respective 
guides and loosely screw in the delivery 
valve retainers. 


24. Rinse the plungers in clean fuel, or 
calibrating oil, and insert them in their 
barrels. Do not install the return springs or 
lower spring seats at this stage, Figure 29. 
Leave these items until checking of the 
phasing and plunger head clearance has 
been completed. 


NOTE: See Figure 30 for a method of retaining 
plungers, barrels and springs in the pump body 
during assembly. 


25. 


26. 


27. 


28. 


29. 
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Figure 30 
Assembling Pump and Delivery Valves 


Lay the pump on the bench with the 
inspection aperture downwards. Hold the 
pump body with the plunger arms hanging 
downwards and engage the plunger arms 
with the control forks then raise the 
assembly to the normal upright position. 


Check the plunger arms are correctly 
located. Insert and tighten four of the 
socket headed screws retaining the pump 
body, one at each corner then install and 
tighten the remaining screws. 


Use the special splined Socket Wrench, 
Tool No. FT.9100 or 1436, to tighten the 
delivery valve retainers to the correct 
torque, see Page 6, ‘Specifications’ — 
Chapter 4. 


Install the inspection cover retainers, 
turning the retainers through 90° to 
engage in slots in the housing and secure 
with the spring plates 


Install the fuel lift pump with a new gasket. 
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Figure 31 
Injection Pump Timing 
. Gear Adaptor 
. Retaining Bolts 
. Pump Gear 
. Pump Gear Plate 
. Timing Marks 


O11 WN = 


30. Install the drain plug. 


31. Test the pump, see ‘Test Procedures’ — 
Section D of this Chapter. 


INSTALLATION 


1. After testing and adjusting the pump to 
give the correct output, see ‘Test Plans’ 
Chapter 4, turn the engine until No. 1 
cylinder is on the compression stroke and 
the correct flywheel timing mark aligns 
with the arrow by the flywheel opening. 


NOTE: A/ways turn the flywheel clockwise to 
align the timing marks in order to eliminate 
backlash in the timing gears. 


2. Fill the injection pump with the correct 
grade and quantity of oil, see ‘Test Plans’ 
— Chapter 4. 
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3. Install the pump to the engine front cover 


plate using a new gasket. Ensure the 
timing mark on the pump body coincides 
with that on the pump drive gear adaptor, 
Figure 31. Install the three gear-to-pump 
bolts and tighten to the correct torque, see 
Page 6, ‘Specifications’ — Chapter 4. 


4. Install the pump to engine front cover plate 
mounting bolts and lock washers. 


5. Install the injection pump lubrication tube. 


6. Connect the throttle and fuel shut-off 
control linkage. Connect the filter-to- 
injection pump line and the fuel lift pump 
inlet and outlet lines. Connect the fuel 
injector lines at the pump. 


7. Position a new timing cover gasket and 
install the timing cover on the engine front 
cover. Install the bottom radiator hose and 
re-fill the radiator with the correct grade 
and quantity of coolant. Install the 
flywheel timing opening cover. Turn the 
fuel shut-off valve to the ““ON” position 
and bleed the system, then adjust the 
engine idle and maximum no-load speeds. 


INJECTION PUMP STORAGE 


If, after overhaul, an injection pump is to be 
stored, the pump body and elements should be 
filled with calibrating oil and the governor body 
filled to the level hole plug with lubricating oil. 
Cap all connections. If the injector pump is 
stored for six months or more, the unit should 
be re-tested on a calibrating machine before 
installation. 
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D. TEST PROCEDURES 


PHASING THE INJECTION PUMP 


Phasing is an adjustment whereby each 
successive element of the pump is timed to 
commence injection at the correct angle 
relative to the preceding element. On the 6 
cylinder pump, the spill cut-off is at 60° to that 
of the preceding element. The phasing is 
controlled by varying the thickness of spacers 
interposed between the camshaft cam 
follower and the plunger. 


The injection order of the 6 cylinder pump is 
1-5-3-6-2-4 where the No. 1 element is at the 
drive end. 


Before commencing phasing operations, 
connect the pump to a suitable fuel injection 
calibrating machine as follows: 


1. Mount the pump on the calibrating 
machine. Ensure there is approximately 
0.010 in (0.25 mm) end-float on the pump 
drive shaft and the coupling is fully 
tightened. 
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2. Check there is sufficient clean fuel, or 
calibrating oil, in the fuel container on the 
test bench and connect the fuel feed line to 
the fuel lift pump inlet connection. 
Connect a fuel line between the outlet side 
of the fuel lift pump and the fuel injection 
pump body inlet connection. 


Turn on the shut-off valve and bleed the 
injection pump at the bleed screw on the 
governor end of the pump body. 


Before phasing, check and_ adjust, if 
necessary, the spill cut-off point. The spill cut- 
off is the point at which the pump plunger just 
covers the fuel inlet ports in the barrel. 


View A of Figure 32 shows the pump plunger at 
the bottom of the stroke. Fuel flows through 
the inlet ports into the barrel and out through 
the spill pipe attached to the delivery valve 
retainer. 


View B shows the plunger at the precise point 
where it has arisen to cut off the fuel supply 
and terminate the flow from the spill pipe. 
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Figure 32 
Checking Spill Cut-Off 


1. Spill Pipe 
2. Fuel Gallery 
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. Plunger 


. Fuel Inlet at Spill Cut-Off 


5. Fuel Inlet Open 
6. Valve Retainer 
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Figure 33 
Measuring Plunger Movement 


. Dial Gauge, Tool No. CT.9017 or 8053 
. Support Bracket 

Dummy Delivery Valve Retainer 

. Retaining Nut 

. Spindle 


. Remove the delivery valve retainer, 


delivery valve and spring from No. 1 
element (nearest the drive end). 


. Insert the dummy delivery valve retainer of 


the Adaptor, Tool No. CT.9076B or 8061, 
and tighten securely. Pass the tool spindle 
through the dummy retainer so the lower 
end rests on top of the No. 1 plunger. 


. Position the dial indicator gauge support 


bracket and tighten the retaining nut. 
Locate the Dial Indicator Gauge, Tool No. 
CT.9017 or 8053, with the anvil resting on 
top of the tool spindle, Figure 33. 


Secure the gauge with the screw but do 
not overtighten. 


4. Rotate the pump camshaft until the tappet 


10. 


. Slowly rotate’ the 


and plunger are at bottom dead centre 
(B.D.C.) and zero the dial gauge. 


. Set the plunger arms to the maximum fuel 


position (fully rearward) and turn on the 
fuel supply. 


pump camshaft 
clockwise and operate the fuel pump 
priming lever to cause fuel to flow past the 
spindle of the tool and out of the dummy 
delivery valve retainer. Continue to turn 
the camshaft until fuel flow from the holder 
stops and thus indicates the spill-cut-off 
point has been reached. Read the dial 
gauge to determine the movements of the 
plunger from B.D.C. to the point of 
injection. For limits see “Test Plans’ — 
Chapter 4. 


. If the gauge reading falls outside the 


specified limits, the phasing spacer should 
be changed. A thicker spacer will shorten, 
and a thinner spacer will lengthen, plunger 
movement. 


. Once the correct spill cut-off has been set, 


the calibrating machine ring should be 
adjusted to the appropriate phasing mark 
for No. 1 element. 


. Rotate the camshaft until the plunger is at 


top dead centre (T.D.C.) . Ensure there is 
clearance between the top of the plunger 
and the underside of the dummy valve 
guide. The amount of clearance is not 
important. 


Remove the Adaptor, Tool No. CT.9076B 
or 8061, and replace the delivery valve, 
spring, volume reducer and delivery valve 
retainer then tighten to the correct torque, 
see Page 6, ‘Specifications’ — Chapter 4. 
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Phase elements 5, 3, 6, 2 and 4 according 
to the procedure as follows: 


(i) Remove No. 5 delivery valve retainer 
from the pump then remove the 
delivery valve, spring and volume 
reducer. Replace the delivery valve 
retainer and tighten to the correct 
torque, see Page 6, ‘Specifications’ 
— Chapter 4. 


(ii) Connect the Spill Pipe, Tool No. 
CT.9023 or 8056, to the valve retainer. 


(iii) Ensure the plunger arms are in the 
maximum fuel delivery position (fully 
rearward) and rotate the camshaft 
until the plunger being checked is at 
the bottom of the stroke. Whilst 
Operating the priming lever, slowly 
rotate the camshaft clockwise. Stop 
turning the camshaft at the instant 
fuel ceases to flow from the spill pipe 
and check the phasing ring on the 
calibrating machine has_ turned 
through 60°. 


An error of + 2° is permissible. 


NOTE: During phasing, the spill cut-off point 
must always be ascertained with the plunger 
rising otherwise inaccuracies will result. 


(iv) Turn off the fuel supply, remove the 
_spill pipe and replace the delivery 
valve, spring, volume reducer and 
delivery valve retainer, tighten the 
retainer to the correct torque, see 
Page 6, ‘Specifications’ — Chapter 4. 


(v) Phase the other elements of the pump 
in the same manner, following the 
correct firing order as previously 
stated. 


NOTE: Record the extent of any phasing 
inaccuracy from the original setting without 
moving the phasing ring on the calibrating 
machine. In this way all elements can be 
corrected together, if necessary, by changing 
the phasing spacers under the plungers. The 
phasing spacers are available in steps of 0.004 
in (0.1 mm) which change the phase angle by 
%°. For spacer thicknesses, see ‘Test Plans’ 
Chapter 4. Insert a thinner spacer to increase 
the phase angle and vice-versa. 


(vi) Check each element to ensure that 
when the plunger is at T.D.C. there is 
clearance between the top of the 
plunger and the underside of the 
delivery valve guide. 


(vii) Remove the pump body and extract 
the plungers and tappet assemblies. 
Note from which element they are 
taken. Install the lower spring seat on 
each plunger, locate the foot of the 
plunger on the centre of the phasing 
spacer and press the lower spring seat 
down on the respective tappet body. 
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Figure 34 
Checking Plunger Clearance 
1. Lower Spring Seat 3. Plunger Arm 
2. Tappet Body 4. Feeler Gauge 


(viii) Check the free vertical movement of 


(ix) 


(x) 


the plunger as shown in Figure 34. 
Adjust the free movement by 
inserting lower spring seats of 
appropriate thickness, see ‘Test 
Plans’ — Chapter 4. 


Re-assemble the plungers and tappet 
assemblies in their respective 
positions then replace the pump body 
on the main housing and ensure the 
plunger arms locate in the control 
forks. 


Tighten all the body securing screws. 


Install the inspection cover with a 
new sealing ring and secure with the 
two bolts. 


CALIBRATING THE INJECTION PUMP 


Calibrating is an adjustment to ensure each 
pump element delivers the same amount of 
fuel at any position of the contro! rod. Fuel 
delivered by each element, over a definite 
number of injections, is collected and 
measured in graduated test tubes. 


Equipment requirements are: 


(a) Variable speed calibrating machine with 
speed range from 100 to 1500 rev/min. 


(b) Matched set of BDN12SD12 nozzles set at 
175 atmospheres opening pressure. 


(c) High pressure pipes 6 mm x 2 mm x 66 cm 
(26 in) long. 


(d) Pressure feed fuel supply. 


(e) Fuel temperature control to 32°C +5° 
(90°F +10°). 


When checking deliveries, use the same set of 
test tubes throughout and allow a constant 
drain time of 10 seconds when emptying the 
test tubes. For accuracy and consistency, 
allow the fuel to settle in the tubes for 10 
seconds after delivery has ceased before 
taking the readings, which must be read from 
the bottom of the meniscus. Adjustment is 
made by altering the position of the forks on 
the control rod. Moving the forks forward (to 
the governor end) decreases fuel delivery and 
rearward increases delivery. 


Before calibrating, fill the pump with engine oil 
to the level plug hole. Replace the filler and 
level plugs. 


1. Connect the injector lines between the 
injector pump and the master injectors of 
the calibrating machine. 
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2. Set the variable speed calibrating machine 
to 900 rev/min. Turn on the fuel supply and 
allow fuel to flow from the pump body 
bleed screw nearest to the governor. 
Tighten the bleed screw when the fuel 
flows free of air bubbles. Run the machine 
at 900 rev/min for 10 minutes to allow the 
injection pump and oil to warm up. 


3. Hold the control lever in the full delivery 
position and check the delivery from No. 6 
element over an average of four deliveries, 
each of 200 injections. Adjust the 
maximum fuel stop screw on the pump 
housing to give the specified average 
delivery and tighten the locknut. 


4. Check the other elements of the pump in 
the same manner and adjust the delivery of 
each element to within 0.2 cc of the first 
element checked. 


NOTE: When calibrating, ignore the first set of 
readings after adjustments have been made. 


5. When calibration is satisfactory, repeat the 
test with the calibration machine set at 100 
rev/min. 


If the reduction in delivery at 100 rev/min 
exceeds 40% of that at 900 rev/min, a 
worn element is indicated. However, 
before installing a new element, visually 
check the delivery valve and guide. If either 
shows signs of wear, install a new delivery 
valve and guide and re-test the pump. 


6. Runthe pump at 100 rev/min then operate 
the stop control and ensure all elements 
cease delivery just before the control rod 
reaches the end of its travel. 


E. BOOST CONTROL 


The turbocharged engines give a higher power 
Output and provide fuel economy through 
increased efficiency. 


However, it is inherent in the design of the 
turbocharger that the volume of air fed to the 
engine cylinders falls off as the speed of the 
turbocharger drops. Since the turbocharger is 
driven by the engine exhaust gases — at low 
speed and low throttle openings, the 
turbocharger speed will also be low and the 
volume of air or boost provided will be 
reduced. Under these conditions, the normal 


maximum fuel setting must be restricted to 


prevent the emission of smoke. This is the 
function of the boost control unit. 
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Governmental smoke regulations in certain 
locations necessitate the installation of a boost 
control unit to provide automatic control of 
maximum fuel delivery under low turbocharger 
speed conditions. 


The boost control unit is mounted on top of the 
in-line type fuel injection pump, above the 
governor housing and _ senses the _ inlet 
manifold air pressure generated by the turbo- 
charger. When the manifold air pressure drops 
below a pre-determined level the control unit 
automatically restricts the amount of fuel fed 
to the engine. 
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Figure 35 
Boost Control Unit 
1. Diaphragm Rod 4. Pillar Screw 7. Shim 
2. Pivot 5. Maximum Fuel Rod 8. Spring 


3. Knurled Nut 6. Cam Lever 


OPERATION 


With reference to Figure 35. 


The boost pressure is fed from the inlet mani- 
fold to one side of the diaphragm. The 
diaphragm tends to move downwards which 
causes the diaphragm rod to pivot the cam 
lever and allow the maximum fuel rod within 
the fuel injection pump to rise to an increased 
fuelling position. 


A compressed coil spring opposes the 
movement of the diaphragm and when the 
boost pressure force exerted on the diaphragm 
equals the compressed spring loading the 
diaphragm movement ceases. A decrease In 
boost pressure will allow the diaphragm to 
return under the influence of the compressed 
spring until the forces balance again. 


9, Piston and Diaphragm Assembly 


A further adjustment for setting the lowest 
possible restriction of maximum fuel setting is 
provided by means of a small knurled nut. This 
nut is assembled on the pillar screw and butts 
against the pivot which positions the cam lever 
in relation to the diaphragm rod. The 
Operational range of boost pressures is 
determined by spring preload shimming. A 
locknut secures the knurled nut after setting. 


IMPORTANT: The boost contro/ unit 
adjustments are pre-set in production and 
should not require to be altered in service. 
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A. TROUBLE SHOOTING 


IMPORTANT: Whenever effecting a repair the reason for the cause of the problem must be 
investigated and corrected to avoid repeat failures. 


The following tables list problems and their possible causes with recommended remedial action. 


DIESEL FUEL SYSTEMS — GENERAL 


PROBLEM POSSIBLE CAUSES REMEDY 


Fuel not reaching 1. Fuel shut-off valve closed. . Check the fuel shut-off 
injection pump valve at the fuel tank is in 
the “‘ON”’ position 
Restricted fuel filter or . Replace element and 
check valve examine check valve to 


ensure ball is not sticking in 


seat 
Air in system . Bleed the fuel filters 
Fuel leakage . Check the fuel lines and 
connectors for damage 
Low fuel pump pressure . Overhaul lift pump 
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PROBLEM POSSIBLE CAUSES REMEDY 
1 1 


Fuel reaching Low cranking speed Check the cranking speed 
nozzles but engine 
will not start 


2. Check the throttle control 
rod travel 


2. Incorrect throttle 
adjustment 


Incorrect pump timing Check the pump timing 


4. Check the fuel lines and 
connectors for leakage 


Fuel leakage 


5. See injector trouble 
shooting 


Faulty injectors 


Low compression 6. Check the engine 


compression 
Engine hard to Low cranking speed Check the cranking speed 
asl Incorrect pump timing Check the pump timing 
Restricted fuel filters Check and flush the fuel 
filters clean 


4. Check for water in the fuel 


Contaminated fuel 


Check the engine 
compression 


Low compression 


6. Check for air leaks on the 
suction side of the system 


Air in system 


1. Check and flush clean 
restricted fuel lines or fuel 
filters 


Engine starts and Fuel starvation 


stops 


Contaminated fuel 2. Check for water in the fuel 


Check for restrictions in the 
air intake 


Restricted air intake 


4. Check cooling system 


Engine overheating 


Check for air leaks on the 
suction side of the system 


Air in system 


1. Check the injector lines and 
connectors for leakage 


2. Check and flush clean 
restricted fuel lines or filters 


Erratic engine Fuel leakage 
operation (surge, 
misfiring, poor 
governor 


regulation) 


2. Fuel starvation 


Incorrect pump timing 3. Check the pump timing 
Contaminated fuel 4. Check for water in fuel 
Air in system | 5. Bleed the fuel system 
Faulty or sticking injector 6. See injector trouble 
nozzles shooting 


7. Check for faulty engine 
valves 


Incorrect engine timing 
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PROBLEM POSSIBLE CAUSES REMEDY 


Engine does not . Incorrect throttle 1. Check for insufficient 
develop full power adjustment throttle control movement 
or speed 
Incorrect maximum no-load 2. Check maximum no-load 
speed speed adjustment 
Fuel starvation 3. Check and flush clean | 
restricted fuel lines and 
filters 
Air in system 4 Check for air leaks on the 


suction side of the system 
Incorrect timing 5. Check pump timing 
Low compression 6. Check engine compression 


Incorrect engine timing 7. Check for improper valve 
adjustment or faulty valves 


Engine emits black . Restricted air intake 1. Check for a restricted 


smoke intake 

Engine overheating 2. Check cooling system 

Incorrect timing 3. Check the pump timing 

Faulty injectors 4. See injector trouble 
shooting 

Low compression 5. Check the engine 
compression 

Incorrect engine timing 6. Check the engine valves 


IN-LINE TYPE FUEL INJECTION PUMP 


PROBLEM POSSIBLE CAUSES REMEDY 


Pump fails to . Blocked fuel lines to pump 1. Remove fuel lines and flush 
deliver fuel to all or replace 
six injectors 

Lift pump defective 2. Repair or replace pump 


Air in fuel lines to injectors 3. Bleed fuel lines 


Control rod seized in ““OFF” 4. Repair or replace control 
position rod 
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IN-LINE TYPE FUEL INJECTION PUMP (CONT.) 


PROBLEM 


Pump fails to 
deliver fuel to one 
injector 


or minimum 
no-load fuel 
delivery 


FUEL INJECTORS 


PROBLEM 


Nozzle does not 
‘buzz’ whilst 
injecting 


Nozzle leak-back 


Nozzle opening 
pressure 
incorrect 


Air in fuel Jine to injector 
Plunger spring broken 
Plunger seized 


Delivery valve seized 


Badly scored plunger and 
barrel 


Control spring broken 
Governor weight carrier 
broken 

Thrust pad seized 


Cross-shaft bolt broken or 


missing 
Pump link spring broken 


Needle valve stuck 
Leakage 


Nozzle damaged 


Needle valve worn 
Blocked nozzle assembly 


retaining nut 
Damaged nozzle or seized 
needle valve 

Blocked nozzle holes 


2. Check valve seat is not 


N — 
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Loose nozzle retaining nut 


Incorrectly adjusted nozzle 


POSSIBLE CAUSES REMEDY 


. ‘Bleed fuel line 


Replace spring 

Repair or replace barrel and 
plunger assembly 

Repair or replace delivery 
valve 

Replace barrel and plunger 
assembly 


Replace control spring 
Replace weight assembly 


Replace thrust pad and/or 
camshaft 
Replace bolt 


Replace spring 


POSSIBLE CAUSES REMEDY 


Check needle valve is clean 
and not binding 


leaking 
Examine nozzle retaining 
cap for damage 


Replace nozzle assembly 
Check for carbon or foreign 
matter on faces of nozzle 
and nozzle holder. Flush 
clean or replace 

Inspect faces and tighten 
nozzle retaining nut 


Check adjusting nut for 
looseness and re-set 
Replace nozzle assembly 


Check nozzle noles for 
carbon or foreign matter. 
Flush clean or replace 


Nig 
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FUEL INJECTORS (CONT.) 


POSSIBLE CAUSES REMEDY 


1. Nozzle incorrectly seated 1. Check for carbon or foreign 
matter On faces of nozzle or 
nozzle holder 

2. Repair or replace nozzle 
assembly 


PROBLEM 


Nozzle seat 
leakage 


2. Sticking or binding needle 
valve 


Obstructed needle valve 


1. Check for carbon or foreign 
matter on needle valve tip. 
Flush clean or replace 
nozzle assembly 

2. Check for carbon in needle 
valve holes. Flush clean or 
replace nozzle assembly 

Replace nozzle assembly 


Spray pattern 
distorted 


Obstructed needle valve holes 


3. Damaged nozzle or needle 
valve 


B. SPECIFICATIONS 


Ps Ford TW-5| Ford TW-15\Ford TW-25Ford TW-3 


Fuel Tank Capacity 
U.S. Gallons 
Imperial Gallons 


58.0 58.0 75.0 75.0 
48.3 48.3 62.5 62.5 
Litres 220 220 284.0 284.0 


Dry Type Disposable Element 


Fuel Filters One Disposable Element 
One Nylon Screen in Fuel Shut-Off Valve 
Maximum No Load 
Engine Speed (rev/min) 
For Switzerland only 2540 — 2560 2195—2215 


Maximum No Load 
Engine Speed (rev/min) 

For Austria, Denmark, France, Germany 
and Italy 


2540 — 2560 244.0 — 2460 
Maximum No Load 
Engine Speed (rev/min) 
For all Countries except Austria,- 
Denmark, France, Germany, Italy and 


Switzerland 2525 — 2575 2425— 2475 


Idle Speed (rev/min) 700 — 800 


Fuel Lift Pump Pressure 2—5 Ibf/in? 
(0.14—0.34 bar) 
(0.14—0.34 kgf) 


Fuel Injector 
Nozzle Opening Pressure 


Ibf/in? 2825 — 2875 3225 — 3275 
bar 195— 198 222 — 226 
kgf/cm? 198 — 202 227 — 230 
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TORQUE SPECIFICATIONS 


Throttle Control Rod Clips 1 2 0.2 
Throttle Control Rod Jam Nut 7 10 1.0 
Fuel Tank Attaching Bolt 105 142 14.5 
Shut-off Valve Body 40 54 5.5 
Fuel Filter Assembly Bolts 22 30 3.0 
Fuel Filter Retaining Bolts 7 10 1.0 
Lift Pump Outer to Inner Body Screws 2 3 0.3 
Fuel Lift Pump Cover Bolt 2 3 0.3 
Lift Pump-to-Injection Pump Nuts 12 16 1.7 
Air Cleaner Attaching Bolts 25 34 3.4 
Injector Line Nuts 20 26 3.0 
Injector Retaining Bolts 17 22 2.3 
Injector Pump Mounting Bolts 28 38 4.0 
Injector Fluid Type Bolts 10 12 1.2 
Fuel Filter Line Nuts 25 30 3.0 
Injection Pump-to-Gear Bolt | 22 30 3.0 
Injection Pump Outlet Tube Bolt 18 25 2.5 
Injector Nozzle Retaining Nut 50 70 7.0 
Injector Cap Nut | 50 70 7.0 
Screws, Governor Backplate to Pump 5 7 0.7 
Delivery Valve Holders 40 54 5.5 
Pump Drive Gear Adaptor Retaining Nut 55 75 7.6 
Governor Spring Retaining Bolt 3 4 0.4 
Control Fork Socket Screws 2 3 0.3 
Pump Body, Socket Screws 5 7 0.7 
Fuel Injection Pump to Front Plate 28 38 3.9 
Bolt Gear to Injection Pump 23 31 3.2 
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C. TEST PLANS 


FUEL INJECTION PUMP— IN-LINE TEST PLAN 
TEST PLAN—FORD TW-5— 401 in? (6571 cm?) Engine 
IN-LINE TYPE FUEL INJECTION PUMP—TYPE NUMBER P5579A 


All tests should be performed using Hartridge 875 or 1100 test machines. 
The test fuel oil should be at 40°C +2°C (104°F +4°F). 


Type 
Plunger Stroke and Diameter 
Camshaft Rotation 
Lubrication 
Oil Capacity 
Oil Grade 
Pump Timing 
Camshaft End Float 
Camshaft End Float Shims 
Dimensions, rear control fork to end of 
square section on control rod 
Dimensions, B.D.C. to point of spill cut-off 
Phasing Spacers: 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 
Phasing Tolerance 
Plunger End Float 
Lower Spring Seat 


~ Maximum Fuel Delivery 


Enclosed camshaft with mechanical governor 
9mmx9mm 

Clockwise from drive end 

Oil fed direct from engine pressurized supply 
0.83 Imp Pint (1 U.S. Pint) (0.47 Litres) 

Same as Engine 

25° B.T.D.C. 

0.0008— 0.005 in (0.02—0. 13 mm) 

0.004— 0.008 in (0.102—0.203 mm) 


0.02 in (0.5 mm) 
0.114—0.122 in (2.90—3.10 mm) 


0.151 —0.153 in (3.85—3.90 mm) 

0.155—0.157 in (3.95—4.00 mm) 

0.159—0.161 in (4.03—4.10 mm) 

0.163—0.165 in (4.15—4.20 mm) 

0.167—0.169 in (4.25—4.30 mm) 

+%° 

0.002— 0.008 in (0.05—0.20 mm) 

Seats graded in thickness from 0.023—0.085 in 
(0.60—2.10 mm) in steps of 0.004 in (0.1 mm) 
16.2 +0.1 cc at 900 rev/min for 200 shots 


Governor 
Type Mechanical 
Pump No Delivery Speed 1300 rev/min (Pump) 
Idling 3.0 +0.8 cc in 200 strokes at 300 rev/min 


Governor Spring Identification 


Blue Green 


Tightening Torques 


Screws, Governor Backplate to Pump 
Delivery Valve Holders 
Pump Drive Gear Adaptor Retaining Nut 


Governor Spring Retaining Bolt 
Control Fork Socket Screws 
Pump Body, Socket Screws 

Fuel Injection Pump to Front Plate 
Bolt Gear to Injection Pump 
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FUEL INJECTION PUMP — IN-LINE TEST PLAN 
TEST PLAN — FORD TW-15 — 401 in? (6571 cm’) Turbocharged Engine 
IN-LINE TYPE FUEL INJECTION PUMP—TYPE NUMBER P5636 


All tests should be performed using Hartridge 875 or 1100 test machines. 
The test fuel oil should be at 40°C +2°C (104°F +4°F). 


Type 
Plunger Stroke and Diameter 
Camshaft Rotation 
Lubrication 
Oil Capacity 
Oil Grade 
Pump Timing 
Camshaft End Float 
Camshaft End Float Shims 
Dimensions, rear control fork to end of 
square section on control rod 
Dimensions, B.D.C. to point of spill cut-off 
Phasing Spacers: 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 
Phasing Tolerance 
Plunger End Float 
Lower Spring Seat 


Maximum Fuel Delivery 


Enclosed camshaft with mechanical governor 
9mmxI9Imm 

Clockwise from drive end 

Oil fed direct from engine pressurized supply 
0.83 Imp Pint (1 U.S. Pint) (0.47 Litres) 


- Same as Engine 


25° B.T.D.C. 
0.0008 — 0.005 in (0.02—0.13 mm). 
0.004— 0.008 in (0.102—0.203 mm) 


0.02 in (0.5 mm) 
0.114—0.122 in (2.90—3.10 mm) 


0.151—0.153 in (3.85—3.90 mm) 

0.155—0.157 in (3.95—4.00 mm) 

0.159—0.161 in (4.03—4.10 mm) 

0.163—0.165 in (4.15—4.20 mm) 

0.167—0.169 in (4.25—4.30 mm) 

ay a 

0.002—0.008 in (0.05—0.20 mm) 

Seats graded in thickness from 0.023—0.085 in 
(0.60—2.10 mm) in steps of 0.004 in (0.1 mm) 
21.8 +0.1 cc at 900 rev/min for 200 shots 


Governor 
Type Mechanical 
Pump No Delivery Speed 1250 rev/min (Pump) 
Idling 3.0 +0.8 cc in 200 strokes at 300 rev/min 


Governor Spring Identification 


Blue Green 


Tightening Torques 


Screws, Governor Backplate to Pump 
Delivery Valve Holders 
Pump Drive Gear Adaptor Retaining Nut 


Governor Spring Retaining Bolt 
Control Fork Socket Screws 
Pump Body, Socket Screws 

Fuel Injection Pump to Front Plate 
Bolt Gear to Injection Pump 
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FUEL INJECTION PUMP —IN-LINE TEST PLAN 
TEST PLAN — FORD TW-25— 401 in? (6571 cm?) Turbocharged Engine 
IN-LINE TYPE FUEL INJECTION PUMP—TYPE NUMBER P5637 


All tests should be performed using Hartridge 875 or 1100 test machines. 
The test fuel oil should be at 40°C +2°C (104°F +4°). 


Type 
Plunger Stroke and Diameter 
Camshaft Rotation 
Lubrication 
Oil Capacity 
Oil Grade 
Pump Timing 
Camshaft End Float 
Camshaft End Float Shims 
Dimensions, rear control fork to end of 
square section on control rod 
Dimensions, B.D.C. to point of spill cut-off 
Phasing Spacers: 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 
Phasing Tolerance 
Plunger End Float 
Lower Spring Seat 


Maximum Fuel Delivery 


Enclosed camshaft with mechanical governor 
9mmx9mm 

Clockwise from drive end 

Oil fed direct from engine pressurized supply 
0.83 Imp Pint (1 U.S. Pint) (0.47 Litres) 

Same as Engine 

25° B.T.D.C. 

0.0008 — 0.005 in (0.02—0.13 mm) 

0.004— 0.008 in (0.102—0.203 mm) 


0.02 in (0.5 mm) 
0.114—0.122 in (2.90—3.10 mm) 


0.151—0.153 in (3.85—3.90 mm) 

0.155—0.157 in (3.95—4.00 mm) 

0.159—0.161 in (4.03—4.10 mm) 

0.163—0.165 in (4.15—4.20 mm) 

0.167—0.169 in (4.25—4.30 mm) 

+%° 

0.002—0.008 in (0.05—0.20 mm) 

Seats graded in thickness from 0.023— 0.085 in 
(0.60—2.10 mm) in steps of 0.004 in (0.1 mm) 
21.5 +0.1 cc at 900 rev/min for 200 shots 


Governor 
Type Mechanical 
Pump No Delivery Speed 1250 rev/min (Pump) 
Idling 3.0 +0.8 cc in 200 strokes at 300 rev/min 


Governor Spring Identification 


Blue Green 


Tightening Torques 


Screws, Governor Backplate to Pump 
Delivery Valve Holders 
Pump Drive Gear Adaptor Retaining Nut 


Governor Spring Retaining Bolt 
Control Fork Socket Screws 
Pump Body, Socket Screws 

Fuel Injection Pump to Front Plate 
Bolt Gear to Injection Pump | 
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TEST PLAN—FORD TW-25— 401 in? (6571 cm?) Turbocharged Engine 


IN-LINE TYPE FUEL INJECTION PUMP WITH BOOST CONTROL—TYPE NUMBER P5640 


All tests should be performed using Hartridge 875 or 1100 test machines. 
The test fuel oil should be at 40°C +2°C (104°F +4°F). 


Type 
Plunger Stroke and Diameter 
Camshaft Rotation 
Lubrication 
Oil Capacity 
Oil Grade 
Pump Timing 
Camshaft End Float 
Camshaft End Float Shims 
Dimensions, rear control fork to end of 
square section on control rod 
Dimensions, B.D.C. to point of spill cut-off 
Phasing Spacers: 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 
Phasing Tolerance 
Plunger End Float 
Lower Spring Seat 


Enclosed camshaft with mechanical governor 
9mmx9Imm 

Clockwise from drive end 

Oil fed direct from engine pressurized supply 
0.83 Imp Pint (1 U.S. Pint) (0.47 Litres) 

Same as Engine 

25° B.T.D.C. 

0.0008— 0.005 in (0.02—0.13 mm) 
0.004—0.008 in (0.102—0.203 mm) 


0.02 in (0.5 mm) 
0.114—0.122 in (2.90—3.10 mm) 


0.151—0.153 in (3.85—3.90 mm) 

0.155— 0.157 in (3.95— 4.00 mm) 

0.159—0.161 in (4.03—4.10 mm) 

0.163—0.165 in (4.15—4.20 mm) 

0.167—0. 169 in (4.25—4.30 mm) 

+%° 

0.002— 0.008 in (0.05—0.20 mm) 

Seats graded in thickness from 0.023— 0.085 in 
(0.60—2.10 mm) in steps of 0.004 in (0.1 mm) 


Governor 
Type Mechanical 
Pump No Delivery Speed 1250 rev/min (Pump) 
Idling 3.0 +0.8 cc in 200 strokes at 300 rev/min 


Governor Spring Identification 


Blue Green 


Tightening Torques 


Screws, Governor Backplate to Pump 
Delivery Valve Holders 
Pump Drive Gear Adaptor Retaining Nut 


Governor Spring Retaining Bolt 
Control Fork Socket Screws 
Pump Body, Socket Screws 

Fuel Injection Pump to Front Plate 
Bolt Gear to Injection Pump 
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Test No. 


1 


BOOST CONTROL TEST (CONT.) 


Requirements 


With boost pressure set to 630 mm Hg 0.84 Bars (12.2 Ibf/in?) adjust maximum fuel stop 
to give 21.4 to 21.6 cc in 200 strokes at 900 rev/min. 


Adjust remaining forks to give similar delivery. 


With zero boost pressure, stop control lever fully open and speed set to 300 rev/min the 
idling delivery to be 3.0 cc +0.8 cc for 200 strokes. 


With zero boost pressure and speed set to 900 rev/min check average fuel delivery is 7.5 
to 8.1 cc in 100 strokes. 


Maximum line to line spread 0.4 cc. 
Check all elements cease to deliver at 1 mm control rod travel at 1500 rev/min. 
Excess Fuel. 


With control rod in excess position average delivery to be 6.0 cc. Minimum in 100 strokes 
at 100 rev/min. 


Governor Test. 
With boost pressure set to 630 mm Hg 0.84 Bars (12.2 Ibf/in?) screw in maximum speed 
stop until fuel delivery ceases at 1250 rev/min and lock. After setting ensure speed is 


unchanged. Check control rod has not moved at 1150 rev/min and has started to move at 
a maximum pump speed of 1200 rev/min. 
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FUEL INJECTION PUMP—IN-LINE TEST PLAN 
TEST PLAN — FORD TW-35— 401 in? (6571 cm*) Turbocharged/Intercooled Engine 
IN-LINE TYPE FUEL INJECTION PUMP—TYPE NUMBER P5638 


All tests should be performed using Hartridge 875 or 1100 test machines. 
The test fuel oil should be at 40°C +2°C (104°F +4°F). 


Type | 
Plunger Stroke and Diameter 
Camshaft Rotation 
Lubrication 
Oil Capacity 
Oil Grade 
Pump Timing 
Camshaft End Float 
Camshaft End Float Shims 
Dimensions, rear control fork to end of 
square section on control rod 
Dimensions, B.D.C. to point of spill cut-off 
Phasing Spacers: 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 
Phasing Tolerance 
Plunger End Float 
Lower Spring Seat 


Maximum Fuel Delivery 


Enclosed camshaft with mechanical governor 
9mmx9mm 

Clockwise from drive end 

Oil fed direct from engine pressurized supply 
0.83 Imp Pint (1 U.S. Pint) (0.47 Litres) 
Same as Engine 

25° B.T.D.C. 

0.0008— 0.005 in (0.02—0.13 mm) 
0.004—0.008 in (0.102—0.203 mm) © 


0.02 in (0.5 mm) 
0.114—0.122 in (2.90—3.10 mm) 


0.151—0.153 in (3.85—3.90 mm) 

0.155—0.157 in (3.95—4.00 mm) 

0.159—0.161 in (4.03—4.10 mm) 

0.163—0.165 in (4.15—4.20 mm) 

0.167—0.169 in (4.25—4.30 mm) 

Va.” 

0.002— 0.008 in (0.05—0.20 mm) 

Seats graded in thickness from 0.023—0.085 in 
(0.60—2.10 mm) in steps of 0.004 in (0.1 mm) 
25.1 +0.1 cc at 900 rev/min for 200 shots 


Governor 
Type Mechanical 
Pump No Delivery Speed 1250 rev/min (Pump) 
Idling 3.0 +0.8 cc in 200 strokes at 300 rev/min 


Governor Spring Identification 


Blue 


Tightening Torques 


_ Screws, Governor Backplate to Pump 
Delivery Valve Holders 
Pump Drive Gear Adaptor Retaining Nut 


Governor Spring Retaining Bolt 
Control Fork Socket Screws 
Pump Body, Socket Screws 

Fuel Injection Pump to Front Plate 
Bolt Gear to Injection Pump 
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TEST PLAN — FORD TW-35— 401 in? (6571 cm?) Turbocharged/Intercooled Engine 


IN-LINE TYPE FUEL INJECTION PUMP WITH BOOST CONTROL—TYPE NUMBER P5641 


All tests should be performed using Hartridge 875 or 1100 test machines. 
The test fuel oil should be at 40°C +2°C (104°F +4°F). 


Type 
Plunger Stroke and Diameter 
Camshaft Rotation 
Lubrication 
Oil Capacity 
Oil Grade 
Pump Timing 
Camshaft End Float 
Camshaft End Float Shims 
Dimensions, rear control fork to end of 
square section on control rod 
Dimensions, B.D.C. to point of spill cut-off 
Phasing Spacers: 

Number 1 

Number 2 

Number 3 

Number 4 

Number 5 
Phasing Tolerance 
Plunger End Float 
Lower Spring Seat 


Enclosed camshaft with mechanical governor 
9mmxI9Imm 

Clockwise from drive end 

Oil fed direct from engine pressurized supply 
0.83 Imp Pint (1 U.S. Pint) (0.47 Litres) 

Same as Engine 

25° B.T.D.C. 

0.0008— 0.005 in (0.02—0.13 mm) 
0.004—0.008 in (0.102—0.203 mm) 


0.02 in. (0.5 mm) 
0.114—0.122 in (2.90—3.10 mm) 


0.151—0.153 in (3.85—3.90 mm) 

0.155—0.157 in (3.95—4.00 mm) 

0.159—0.161 in (4.03—4.10 mm) 

0.163—0.165 in (4.15—4.20 mm) 

0.167—0.169 in (4.25—4.30 mm) 

+ 2° 

0.002— 0.008 in (0.05—0.20 mm) 

Seats graded in thickness from 0.023— 0.085 in 
(0.60—2.10 mm) in steps of 0.004 in (0.1 mm) 


Governor 
Type Mechanical 
Pump No Delivery Speed 1250 rev/min (Pump) 
Idling 3.0 +0.8 cc in 200 strokes at 300 rev/min 


Governor Spring Identification 


Blue Green 


Tightening Torques 


Screws, Governor Backplate to Pump 
Delivery Valve Holders 
Pump Drive Gear Adaptor Retaining Nut 


Governor Spring Retaining Bolt 
Control Fork Socket Screws 
Pump Body, Socket Screws 

Fuel Injection Pump to Front Plate 
Bolt Gear to Injection Pump 
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BOOST CONTROL TEST (CONT.) 


Test No. 


1 


Requirements 


With boost pressure set to 630 mm Hg 0.84 Bars (12.2 Ibf/in?) adjust maximum fuel stop 
to give 25.0 to 25.2 cc in 200 strokes at 900 rev/min. 


Adjust remaining forks to give similar delivery. 


With zero boost pressure, stop control lever fully open and speed set to 300 rev/min the 
idling delivery to be 3.0 cc +0.8 cc for 200 strokes. 


With zero boost pressure and speed set to 900 rev/min check average fuel delivery is 6.8 
to 7.4cc in 100 strokes. 


Maximum line to line spread 0.4 cc. 
Check all elements cease to deliver at 1 mm control rod travel at 1500 rev/min. 
Excess Fuel. 


With control rod in excess position average delivery to be 6.0 cc. Minimum in 100 strokes 
at 100 rev/min. 


Governor Test. 
With boost pressure set to 630 mm Hg 0.84 Bars (12.2 Ibf/in?) screw in maximum speed 
stop until fuel delivery ceases at 1250 rev/min and lock. After setting ensure speed is 


unchanged. Check control rod has not moved at 1150 rev/min and has started to move at 
a maximum pump speed of 1200 rev/min. 
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D. SPECIAL TOOLS 


FUEL INJECTION PUMP 
(Prior Tool Numbers, where applicable, shown in brackets) 


V LCHURCHILL TOOLS | NUDAY TOOLS 


DESCRIPTION 


Adjustable Bridge Puller 

Shaft Protectors 

Pulling Attachment 

Camshaft End Float Gauge 
Camshaft End Float Gauge Adaptor 


Delivery Valve Guide Remover 
Pump Spill Pipe 

Pump Bearing Remover 

Spill Cut-off Checking Adaptor 
Delivery Valve Holder Adaptor 
Injection Pump Fuel Line Wrench 
Lift Pump Test Kit 


518 

625A 

952 

CT.9017 

CT.9017-1 

CT.9022 

CT.9023 

CT.9050 

CT.9076B 

FT.9100 1436 (N-5447) 
- 9672 
FT.9103 2843 


FUEL INJECTORS 


(Prior Tool Numbers, where applicable, shown in brackets) 


DESCRIPTION 


Injector Nozzle Nut Socket 
Nozzle Reverse Flush Adaptor 
Injector Tester 


Injector Holding Fixture 
Injector Cleaning Kit* 
Tallow 

Polishing Sticks 


V LCHURCHILL TOOLS | NUDAY TOOLS 


CT.9009 

CT.9024 

FT.9102 

FT.9101 (SW 20) 
OBTAIN LOCALLY 
OBTAIN LOCALLY 


*Kit consists of: Nozzle Cleaning Wires 
Pressure Chamber Drills 
Pressure Chamber Scraper 
Valve Seat Scraper 


Brass Wire Brush 
Pin Vice 
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A. WIRING, LIGHTS, SWITCHES AND INSTRUMENTATION — DESCRIPTION 
AND OPERATION 


The Ford TW Series Tractors: employ a 
conventional type electrical system featuring a 
12 volt, negative earth battery, an alternator 
and pre-engaged starting system. 


The wiring, lights and __ instrument 
specifications for the various models vary 
according to local governmental regulations 
and individual operator requirements. 


WIRING 


The wiring harnesses used depend upon the 
tractor assembly plant and the model involved. 


The assembly plants are identified by the 
stamped letters ‘A’ or ‘‘C’’, prefixing the 
tractor serial number. 


HItUVJS§=e PART 3— ELECTRICAL SYSTEMS sume 


The electrical system consists of four wiring 
harnesses when equipped with a flat deck and 
five wiring harnesses less a flat deck cab. 
When equipped with a cab these are the front 
main, rear main, main extension, and cab roof 
harnesses. Without a cab these are the front 
main, rear main, main extension, right-hand 
fender and left-hand fender harnesses. These 
harnesses are connected to each other by 
multi-pin connectors. 


Figure 1 shows the electrical system for 
tractors with “‘A’’ prefixed serial numbers. 
Figure 2 shows the electrical system for 


NOTE: Each illustration does not represent 


any one specific model but shows all the 


\ 
_~ ete 


electrical components available for that 
particular range. Variations in wiring harness 
routing may occur between models within 
each range. Tractors with “A” prefixed serial 
numbers are shown separate to those with a 
“C” prefix. 


Wiring diagrams for the complete electrical 
systems are shown in ‘Specifications’ — 


tractors with ‘’C”’ prefixed serial numbers. Chapter 5. 
Figure 1 
Electrical System — Tractors with ‘‘A”’ Prefixed Serial Numbers 

1. Alternator 24. R.H. Flasher Lamp 

2. Starter 25. R.H. Fender Harness 

3. Alternator Regulator 26. R.H. Flasher Lamp 

4. Main Fuel Sender Switch 27. Main Extension Harness 

5. Front Main Harness 28. Trailer Socket 

6. To Emergency Warning Switch 29. Main Extension Harness 

7. Ignition Switch 30. L.H. Flasher Lamp 

8. Fuel Tank Selector Switch 31. Turn Signal/Horn/Headlight Main and 
9. Fuse Block Dipped Beam Switch 
10. Head Light Switch 32. Emergency Warning Switch 
11. Stop Switch 33. Turn Signal Wire Assembly 


12. Dual Power Switch 

13. Safety Start Switch 

14. R.H. Flasher Light 

15. Rear Main Harness Ground 
16. To Cab Roof 

17. Flasher 

18. Cab Relay 

19. To Instrument Panel 

20. To Switch Wire Assembly 
21. L.H. Fender Harness 

22. L.H. Flasher Lamp 

23. Main Extension Harness 


. Trailer Warning Light 

. L.H. Flasher Light 

. Implement Lamp Switch 

. Front Wheel Drive Switch 

. L.H. Head Light 

. Thermostatic Switch 

. Horn 

. Air Cleaner Restriction Switch 

. Front Main Harness , 
. Front Main Harness Connector of 
. Oil Pressure Sender Switch - 

. Coolant Temperature Sender Switch 


m= CHAPTER 1 


Figure 1 
Electrical System — Tractors with ‘‘A’’ Prefixed Serial Numbers 
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Figure 2 


Electrical System — Tractors with ‘’C’’ Prefixed Serial Numbers 


. Fuel Tank Selector Switch 
. Head Light Switch 
. Air Cleaner Restriction Switch 


Coolant Temperature Sender Switch 
Implement Lamp Ground-Wire 
Implement Lamp 


. Alternator 

. Oil Pressure Sender Switch 
. Fuse Link 

. Starter Motor 

. 12 Volt Battery 

. Front Main Harness 

. Alternator Regulator 

. Dual Power Switch 

. Rear Main Harness 

. To Cab Roof Harness 

. Front Main Harness 

. Flasher Light 

. Tail Light 

. Main Extension Harness 

. Main Extension Harness 

. L.H. Fender Harness 

. Main Extension Harness 

. R.H. Fender Harness 

. R.H. Flasher Warning Lamp 
. Work Light 


. Implement Lamps 

. Tail Light 

. Head Light 

. L.H. Flasher Warning Lamp 
. Safety Start Switch 

. Rear Main Harness Ground 
. Main Extension Harness 

. Flasher Assembly 

. To Cab Roof Harness 

. Cab Relay 

. To Instrument Panel 

. Rear Main Harness 

. To Ignition Switch 

. Fusebox 

. Light Switch Wires 

. Rear Main Connectors 

. Rear Main Harness Ground 
. Main Extension Harness 

. Flasher Assembly 

. To Instrument Panel 

. Rear Main Harness 

. To Ignition Switch 

. Fusebox 

. Light Switch Wires 

. Rear Main Connectors 

. Safety Start: Switch 
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Figure 2 
Electrical System — Tractors with ‘’C’’ Prefixed Serial Numbers 
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Figure 3 
Cab Wiring 


1. Implement Light Connectors 

2. Flasher Light Connectors (’’C’’ Prefix) 

3. To Blower Motor, W/S Wiper, and 
A/C Switches 

4. To Blower Motor 

5. To Tail Light 

6. Trailer Light Socket (‘‘A”’ Prefix) 

7. W/S Washer Ground 

8. W/S Washer Plug 


The cab wiring, Figure 3, contains the 
electrical connections for the interior light and 
switch, the rear work and flasher lamps, the 
windshield wiper motor, washer system, radio 
and the heating and air conditioning controls. 
The cab roof harness is connected to the rear 
main harness at the top of the front left hand 
cab pillar. 


9. Rear Main Harness 
10. Cab Interior Light Switch Wires 
11. Head Light Connectors (‘‘C’’ Prefix) 
12. Main Extension to Head Light 
13. Cab Roof Harness 
14. Wiper Motor Connector 
15. Radio Connector 
16. Cab Interior Light Wires 


FUSES 


Circuit protection is provided by fuses, circuit 
breakers and fuse links. The fuses are located 
in a fuse block mounted on a bracket beneath 
the wrap-around instrument console. 


Figure 4 
Fuse Link Location 
1. Fuse Link Terminal Identification 


Tractors with an “‘A” prefixed serial number 
have three fuse links protecting the 12 volt 
battery feed wire, the ignition feed wire and the 
alternator feed wire. 


Tractors with a “’C” prefixed serial number 
have one fuse link protecting the 12 volt battery 
feed wire and a circuit breaker incorporated in 
the windshield wiper switch to protect that 
Circuit only. 


The fuse link, Figure 4, is approximately 9 in 
(220 mm) long and is readily identifiable by the 
words ‘‘FUSE LINK” moulded on the terminal 
insulator. The link is several gauges smaller 
than the wire it is connected to and in the case 
of extreme overload it melts open thus 
protecting the circuit. A burned-out fuse link 
may have bare wires sticking out of the 
insulation, or may show external signs of 
overheating. If a fuse link is suspected of being 
open disconnect both battery cables at the 
battery, disconnect the fuse link and check for 
continuity with a self-powered test light or an 
ohmmeter. 
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IMPORTANT: Under no circumstances 
should a fuse link replacement repair be made 
using a length of standard wire cut from bulk 
stock or from another wiring harness. 


LIGHTS 


The Ford TW Series Tractors feature extenally 
mounted headlamps positioned either at the 
front of the cab, the front edges of the flat top 
fenders, or at the ends of arms horizontally 
mounted on the front axle support. 


To meet the many varied location and 
operational requirements, numerous supple- 
mentary lighting combinations are available 
from the following: 


e Front Side Lights 


e Rear Lights 


e Utility Lamps 


e Turn Indicator Lamps 


e Hazard Warning Lamps 


e Stop Lamps 


e Implement Lamps 


e Licence Plate Lamps 


NOTE: The type of lamps and their position on 
the tractor varies according to local 
governmental regulations. 
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SWITCHES 


LIGHT SWITCH 


The light switch is located at the left-hand side 
of the control console. For tractors with an 
“A” prefix tractor serial number, the lighting 
switch is of the rotary type and the switch 
positions shown in Figure 5. 


For tractors with a ‘’C”’ prefixed tractor serial 
number, the lighting switch is of a three stage 
push-pull type and the switch positions are as 
follows: 


POSITION LIGHTS 


Off 


Headlights Low Beam, Red 
Tail Light, Instrument Panel 


Lights 


Headlights High Beam, Front 
Work Lights, Red Tail Light, 
Instrument Panel Lights 


TURN SIGNAL SWITCH 
“A” PREFIX 


A stalk operated turn signal switch is mounted 
on the instrument panel to the left of the 
steering column. The multi-function stalk also 
serves as a horn push-~= and 
main/dipped/beam/flash headlight switch. 


“C” PREFIX 


A rotary type turn signal switch is mounted in 
the centre of the instrument panel. 


Figure 5 


Light Switch Positions — Ford TW Series 
Tractors ‘‘A”’ Prefix 


1. OFF 

2. Side and Rear Lights ON 
Instrument Panel Lights ON 

3. Side, Rear and Headlights ON 
Instrument Panel Lights ON 


KEY-START SWITCH 


The key-start switch is located at the right- 
hand side of the control console, see Chapter 3 
— Section E. 


SAFETY START SWITCH 


The safety start switch is located at the top of 
the clutch pedal shank to ensure the engine 
may only be started with the clutch pedal 
depressed, see Chapter 3 — Section C. 


OIL PRESSURE SENDER SWITCH 


The oil pressure sender switch is located on the 
left-hand side of the engine cylinder block and 
indicates oil pressure via a gauge in the 
instrument panel. 


COOLANT TEMPERATURE SENDER 


The coolant temperature sender is located in 
the front of the engine cylinder head and 
indicates engine coolant temperature via the 
temperature gauge in the instrument cluster. 


DRY AIR CLEANER RESTRICTION 
SWITCH 


The restriction indicator switch is mounted in 
the dry type ar cleaner outlet tube, and 
indicates excessive inlet vacuum via a warning 
light in the instrument panel. 


STOPLAMP SWITCH 


Tractors with stoplamps incorporate a 
stoplamp switch. The switch is actuated by the 
right-hand brake pedal shank. 


When the brake pedal is in the free position, 
the pedal shank forces a sprung plunger away 
from the switch contacts to break the 
stoplamp circuit continuity. 


When the brake pedal is depressed, the spring 
plunger closes the switch contact to complete 
the circuit and illuminate the stoplamps. 


WINDSHIELD WIPER/WASHER AND 
SWITCH 


The roof mounted windshield wiper/washer 
switch operates the two speed, self-parking 
windshield wiper and electric screen washer. 
Turn the switch clockwise to the first position 
to obtain slow wiper speed. Further rotation of 
the switch will select the fast speed. 


Push the switch inwards to operate the electric 
windshield washer. 


NOTE: The water reservoir for the windshield 
washer is located beneath the rear left-hand 
side of the cab. 


DUAL POWER SWITCH 


A push-push type floor mounted switch 
Operates the dual power control solenoid. 
When the solenoid is energised the dual power 
transmission is disengaged. Indicating lights in 
the instrument panel advise whether the direct 
drive or dual power mode is selected. 


FRONT WHEEL DRIVE SWITCH 


Front wheel drive is engaged by a solenoid 
operated valve located in the transfer box 
casing. A rocker switch mounted in the 
instrument panel controls the solenoid. With 
the switch in the front wheel drive engaged 
position the solenoid is de-energised, and drive 
is transmitted to the front wheels. 


HAZARD WARNING LIGHT SWITCH 
“A” PREFIX 


A push-push type switch is located in the 
centre of the instrument panel, immediately 
above the steering column. 


“C”" PREFIX 


The hazard warning lights are operated by a 
combined hazard warning and rear worklight 
(ploughlamp) switch, located on the left-hand 
side of the instrument panel. 


REAR WORKLIGHT (PLOUGHLAMP) 
SWITCH 


The rear worklight (ploughlamp) is operated by 
a rocker switch mounted in the instrument 
panel. 
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Figure 6 
Instrumentation — Ford TW-5, TW-15, TW-25 and TW-35 “A” Prefix 


Battery Condition Meter 

Right Hand Turn Signal Indicator 
Engine Coolant Temperature Gauge 
Proofmeter 

Hazard Warning Light Switch 

. Key Start Switch 

Engine Stop Control 

Multi-function Switch: 

Turn Signal/Horn/Headlight Main Beam, 
Dipped Beam and Flash 

9. Fuel Tank Sender Switch 

. Light Switch 


ONATRWN 


FUEL GAUGE CHANGEOVER SWITCH 


The fuel gauge registers the contents of both 
the upper and auxiliary fuel tanks separately by 
the operation of a selector switch, situated on 
the left-hand side of the control console. When 
the switch is in position ‘1’ the upper fuel tank 
level is registered and in position ‘2’ the 
auxiliary fuel tank level is indicated. 


NOTE: When the key-start is turned off the 
gauge needle assumes a random position and 
may well indicate a fuel level in excess of the 
true level. Always take fuel level readings with 
the key-start switch turned on. 
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. Front Wheel Drive Switch 

. Plough Lamp Switch 

. Trailer Warning Lights 

. Fuel Gauge 

. Left Hand Turn Signal Indicator 

. Engine Oil Pressure Gauge 

. Air Cleaner Restriction Warning Light 
. Transmission Oil Pressure Warning Light 
. Main Beam Warning Light 

. Dual Power Indicator Light (Hare) 

. Dual Power Indicator Light (Tortoise) 


INSTRUMENTATION 


The instrument cluster gauges, warning lights 
and controls are shown in Figures 6 and 7. 


The tractors feature air-core type gauges 
which are not sensitive to fluctuations in 
system voltage. 


All the gauges are illuminated by panel lights 
when the tractor lights are operated. 
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Figure 7 


Instrumentation — Ford TW-5, TW-15, TW-25, 
and TW-35 ‘’C’’ Prefix 


Battery Condition Meter 

Right Hand Flasher Light/ Turn Signal Indicator 
Engine Coolant Temperature Gauge 
Proofmeter 

Turn Signal Switch 

Key Start Switch 

Engine Stop Control 

Horn Button (where fitted) 

Fuel Tank Sender Switch 

Front Wheel Drive Switch 


Seo oooh 
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Ignition Load Relay 


All Ford Tractors with cabs incorporate an 
ignition load relay to protect the key-start 
switch from the high loads imposed by the 
unique cab items such as the heater blower 
and windshield wiper motors. 


DIODES 


The air cleaner restriction warning light circuit 
is interconnected by a diode. This system 
provides a check facility for the warning bulb. 


11. Headlight Switch 

12. Flasher Light/Work Light Switch 

13. Fuel Gauge 

14. Left-Hand Flasher Light/Turn Signal Indicator 
15. Engine Oil Pressure Warning Light 

16. Air Cleaner Restriction Warning Light 

17. Transmission Oil Pressure Warning Light 

18. Headlamp High Beam Indicator Light 

19. Dual Power Indicator Light (Hare) 

20. Dual Power Indicator Light (Tortoise) 


When the key-start switch is actuated the 
restriction warning light is illuminated. 


Once the engine has started the warning light 
is extinguished provided that no restriction 
exists in the air cleaner. 
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B. WIRING, LIGHTS, SWITCHES AND INSTRUMENTATION — OVERHAUL 


REMOVAL 


Each wiring harness may be removed inde- 
pendently. The removal procedures follow 
established techniques but certain precautions 
must be observed as follows: 


e Disconnect the battery, negative terminal 
first, prior to disconnection or removal of 
any wiring harness. 


e Prior to removal, note the harness routing, 
clamping positions and __ terminal 
connections. 


e On replacement, ensure the harness 
routing and clamping is as specified and 
not in contact with sharp edges, the 
exhaust system or moving parts. 


e Check connections for wire colour 
matching (where applicable). 


e Ensure all connectors are fully engaged 
and no conductor is exposed. 


e Tape back unused connectors. 


e Ensure ground connections are clean with 
metal-to-metal contact. Use toothed lock 
washers where specified. 


e Ensure fuses are of the specified rating. 


e Check the circuit current draw before 
connecting power to the harness. 


e Check polarity of the battery before 
connecting power to the harness. 
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Figure 8 
Fusebox Layout 


FUSES 


The fusebox is located on a bracket which is 
bolted to the left hand side of the steering 
column, below the control console. 


To gain access to the fuses pull off the plastic 
fuse box cover. 


There is provision for 24 fuses although only 21 
are fitted. 


The fuses are numbered. Reference to Figure 8 
and table 1 will permit rapid identification of 
the circuits they protect. 


If an electrical component fails to function: 

1. Check the fuses, if appropriate. Table 1 
indicates the fuse rating and circuit for 
each fuse. The fuses are numbered from 


the top. 


2. Useatest light and check for power supply 
to the circuit. 


3. Test each component of the circuit for 
function. 


4. Repair or replace damaged components. 


Sit ee 
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TABLE 1 


Fused Circuits 


ny Colour Circuit 


| 1 | 5A [Brown | Spare 
| 2 | 154 [Brown | Alternator Field 
SLR | otatrower 
Dual Power 

| 4| 5A |Brown | Gauges 
| 5 | 5A [Brown | R.H. Side/Rear Lights _ 
| 6 | 154 | Blue | Headlamp Dip Beam _ 
| 7 | 10A | Rd__|Tumindicators 
| 8{ 5A |Brown | CabRelayCoil | 
| 9 | 5A [Brown | Wiper/Washer | 
| 10 | 5A | Red | Radio 

| 11 | 5A | Brown | L.H. Side/Rear Lights _| 
| 12 {| 15A | Blue | Headlamp Main Beam _| 
| 13 | 15A | Blue | StopLamps 
|} 14| 5A [Brown | Horn 
| 15 | 25A | Clear | Heater Blower 
| 16 | 154 | Blue | Air Compressor Clutch _ 
(17 | 154 | Blue | PloughLamp(s) 
| 18 | 15a_| Blue | Hazard Warning Lights _ 
| 19{ SA | Red | Spare 


NOTE: Certain optional items of equipment 
may not be installed on every tractor. 
However, the fuses are still installed and may 
be used as spares. Do not replace a blown fuse 
with another of a different amperage value. 


HEADLIGHTS 
SEALED BEAM 
Sealed beam units can be removed and 


installed, without removing the lamp housing, 
as follows: 


REMOVAL 


1. Ease the sealed beam unit from the rubber 
surround. 


2. Remove the connector from the rear of the 
sealed beam unit. 


INSTALLATON 


1. Firmly press the wiring connector onto the 
lugs of the rear of the unit. 


2. Snap the sealed beam unit back into the 
rubber surround. 


NON-SEALED BEAM 


Non-sealed beam headlamp bulbs are removed 
and installed as follows: 


REMOVAL 


1. Ease the lens and reflector assembly from 


the rubber surround. 


2. Pull the connector from the bulb, detach 
the bulb retaining spring and remove the 
bulb. 


INSTALLATION 


Installation of a new bulb follows the removal 
procedure in reverse. 


Hm PART 3S ELECTRICAL SYSTEM 9 ———xyyEEey(x(W] wa 


TURN SIGNAL LIGHTS 
REMOVAL 


1. With Cab: Unsnap the lens from the 
housing. 


Less Cab: Remove the three lens-to- 
housing retaining screws and remove the 
lens. 


Push bulb down and turn counterclock- 
wise. Remove bulb. 


WARNING: /n some cases, the bulb 
may require considerable force to 
remove it from the socket due to corrosion. 
Grasp the bulb with a rag to avoid injuring your 
hand if the bulb should break. 


NOTE: The turn signal lights are used in 
conjunction with the work/flasher light switch 
and the turn signal switch. If the turn signal 
lights become inoperative, check the 
connections at these switches. 


INSTALLATION 


Installation of the new bulb follows the 
removal procedure in reverse. 


NOTE: /flights do not illuminate, and the bulbs 
are not burnt out, check the ground 
connections inside the lamp housing and light 
attaching parts for a good ground. 
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SWITCHES 
LIGHT SWITCH 
REMOVAL 


1. Disconnect the battery ground cable 
(negative) from the battery. 


2. Slackén the retaining screw and remove 
the knob. 

3. Remove the switch retaining nut and 
withdraw the switch from the control 
console. 

4. Disconnect the wiring harness connectors 
from the switch terminals. 

INSTALLATION 


Installation of the lighting switch follows the 
removal procedure in reverse. On installation 
tighten the switch retaining nut to the correct 
torque, see ‘Specifications’ — Chapter 5. 


KEY-START SWITCH 


For key-start switch overhaul, see Chapter 3 — 
Section F. 


SAFETY START SWITCH 


For safety start switch overhaul, see Chapter 3 
— Section D. 


OIL PRESSURE SENDER SWITCH 
REMOVAL 
1. Disconnect the wire from the switch and 


unscrew the switch from the engine, 
Figure 9. 


Figure 9 
Coolant Temperature and Oil Pressure Sender 
and Oil Pressure Switch Location 
1. Oil Pressure Switch 
2. Oil Pressure Sender 
3. Coolant Temperature Sender 


INSTALLATION 
1. Screw the switch into the engine and 


tighten to the correct torque, see ‘Specifi- 
cations’ — Chapter 5. 


2. Re-connect the wire to the switch. 


COOLANT TEMPERATURE SENDER 
REMOVAL 


1. Disconnect the wire and unscrew the 
sender from the engine. 


INSTALLATION 


1. Coat the threads of a new sender assembly 
with Plastic Lead Sealer to Ford 
Specification ESN-M4C49-A. Screw the 
sender into place and tighten to the correct 
torque, see ‘Specifications’ — Chapter 5. 
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2. Re-connect the wire to the sender. 


IMPORTANT: The use of a sealer which is not 
to the Ford Specifications, may insulate the 
sender from the cylinder head and cause the 
unit to fail to operate. 


DRY AIR CLEANER RESTRICTION 
SWITCH 


REMOVAL 


1. Disconnect the wires and unscrew the 
switch from the air cleaner outlet tube. 


INSTALLATION 


1. Screw the switch into place and tighten to 
the correct torque, see ‘Specifications’ — 
Chapter 5. 


2. Re-connect the wires. 


STOPLAMP SWITCH 
REMOVAL 


1. Disconnect the wires from the switch 
terminals. 


2. Unscrew the switch retaining nut and 
withdraw the switch from the bracket. 


INSTALLATION 


1. Position the switch on the bracket and 
install the retaining nut. Tighten the nut to 
the correct torque, see ‘Specifications’ — 
Chapter 5. 


2. Re-connect the wires to the switch and 
apply the brakes to ensure the stoplamps 
are actuated correctly. Re-position the 
switch if necessary. 
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Figure 10 
Wiper Arm Removal 


1. Wiper Arm 
2. Latch 


CAB ROOF MOUNTED SWITCHES — 
OVERHAUL 


REMOVAL 


1. 


2: 


Disconnect the battery. 


Remove the cab roof retaining bolts then 
lift the roof and support on the prop. 


Disconnect the heater control harness 
from the switches. 


Pull of the switch control knobs. 


Withdraw the retaining screws and remove 
the switch mounting bezel from within the 
cab. 


Remove the lock nut and washer and 
withdraw the switch. 


INSTALLATION 


Installation of the cab roof mounted switches 
follows the removal procedure in reverse. 
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WINDSHIELD WIPER MOTOR 
ASSEMBLY 


REMOVAL 


1. 


Disconnect the battery negative cable 
from the battery. 


Remove the six screws which secure the 
heater louvre panel to the cab ceiling. 
Disconnect the wiring harness. 


On the outside of the cab, remove the 
wiper arm Figure 10, by pulling out on the 
wiper arm latch, and lifting arm off shaft. 
Remove shaft retaining nut. 


From inside the cab, remove motor bracket 
bolts and remove bracket and motor as a 
unit. Remove the motor and linkage from 
the bracket. 


INSPECTION AND REPAIR 


if 


Inspect the linkage and pivot points for 
wear or damage and replace if necessary. 


Examine the wiper arm pivot shaft splines 
and clean with a wire brush. Renew the 
pivot shaft if bent or the splines are 
damaged. 


Check and replace the motor if faulty. 


INSTALLATION 


1. 


Installation of the windshield wiper motor 
assembly is the removal procedure in 
reverse. 


e On installation ensure all mounting bolts 
and nuts are tightened to the correct 
torques, see ‘Specifications’ — Chapter 
5. Check the wiper and motor assembly 
for effective action and renew the wiper 
blade if worn or damaged. 
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WINDSHIELD WASHER MOTOR 
ASSEMBLY 


REMOVAL 


1. Release the reservoir retaining clips. Lift 
the reservoir lid and disconnect the feed 
tube. 


2. Disconnect the feed wires from the motor 
then remove and empty the reservoir. 


DISASSEMBLY 


1. Using asmall bladed screwdriver, carefully 
pry out the motor retaining ring, Figure 11. 


2. Using pliers, grip the wall around the plug 
terminal and gently pull the motor 
assembly. 


INSPECTION AND REPAIR 


1. Clean the reservoir and filter (where fitted). 
Inspect the seal and impeller and replace if 
worn or damaged. Renew a faulty motor. 


RE-ASSEMBLY 


1. Lightly lubricate the outside diameter of 
the motor seal with a dry lubricant such as 
powdered graphite. This will prevent the 
seal from sticking in the bore and make 
assembly easier. 


2. Align the small projection, Figure 11, on 
the motor end cap with the slot in the bore 
and insert the motor so that the seal seats 
against the bottom of the bore. 


3. Using a 12 point 1.0 in (25.4 mm) socket, 
hand press the retaining ring securely 
against the motor end cap. 


Figure 11 
Windshield Washer Motor Installation 


. Reservoir 

Motor Assembly 
Projection 
Retaining Ring 
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INSTALLATION 


1. Installation of the windshield washer 
motor assembly is the removal procedure 
in reverse. 


2. Fill the reservoir with windshield washer 
solution and operate the washer system. 
Check for leaks. 


IMPORTANT: 7o avoid pump damage, do 
not operate the washer pump when the 
reservoir is empty. 


HEATER BLOWER MOTOR 


For heater blower motor overhaul see Part 13, 
‘Accessories and General’ — Chapter 2 — 
Section B. 
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INSTRUMENT CLUSTER — REMOVAL 
1. Disconnect the battery. 


2. Withdraw the retaining screws and pull the 
instrument cluster free from the rear hood 
panel. 


3. Disconnect the proofmeter cable from the 
rear of the instrument cluster. 


NOTE: /t may be necessary to disconnect the 
tachometer cable from the fuel injection pump 
to provide enough slack to lift the panel out far 
enough to gain access to the tachometer drive 
on the rear of the panel. 


4. Tag all wires for identification purposes, 
then disconnect the wires from the 
switches and disconnect the cluster 
connector plug. 


5. Toreplace instrument lights, turn the bulb 
holder of the light to be removed counter- 
clockwise and remove from the panel. Pull 
the blub from the holder. Install a new bulb 
by pushing it into the holder then installing 
the holder into the panel and turning it 
clockwise. 


6. To replace the rocker switches pinch 
together the plastic lugs on the back of the 
switch assembly and withdraw the switch 
from the front of the panel. Install new 
switches by pushing the switch into the 
correct panel aperture, from the front, until 
the plastic lugs locate behind the panel and 
secure the switch in position. 
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DISASSEMBLY 
1. Remove the retaining screws and separate 


the instrument case assembly from the 
front panel. 


2. Release the spring clips then extract the 
glass and bezel assembly. 


3. Withdraw the gauge retaining screws and 
remove the gauges. 


4. The proometer ssembly may be withdrawn 
after removing the retaining screws. 


RE-ASSEMBLY 
Re-assembly of the instrument cluster 


assembly follows the disassembly procedure in 
reverse. 


INSTALLATION 


Installation of the instrument cluster follows 
the removal procedure in reverse. 
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BATTERY 


Section Page 
A. BATTERY — DESCRIPTION AND OPERATION 1 
B. BATTERY — MAINTENANCE AND TESTS 2 


A. BATTERY — DESCRIPTION AND OPERATION 


The Ford TW-5, TW-15, TW-25 and TW-35 
Series Tractors feature a 12 volt, negative 
ground, lead acid type battery of six cell 
construction. The battery is rated at 128 
ampere hours and is mounted in a covered tray 
on the right hand side of the tractor above the 
cab step. 


The battery has three major functions: 


¢ To provide a source of current for starting, 
lighting and instrumentation. 


¢ Tohelp control the voltage in the electrical 
system. 


e To furnish current when the electrical 
demands exceed the alternator output. 


The battery is constructed in such a manner 
that each cell contains positive and negative 
plates placed alternately next to each other. 
Each positive plate is separated from a 
negative plate by a non-conducting porous 
separator. If any of the positive plates should 
make contact with negative plates within a 
cell, the cell will short circuit and suffer 
irreparable damage. All of the positive plates 
are welded to a post strap, forming a positive 
terminal and all the negative plates are welded 
to a similar post strap forming a negative 
terminal. 


Each positive plate is composed of a lead grid 
with lead peroxide pasted into the grid 
openings. The negative plates are composed 
of a lead grid with spongy lead pasted into the 
grid openings. 


The plates are submerged in a liquid electrolyte 
solution of diluted sulphuric acid. 
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B. BATTERY — MAINTENANCE AND TESTS 


REMOVAL 


1. Release the securing clip on the bottom of 
the battery tray and swing the tray 
outwards. Lift and remove the battery 
cover. 


2. Disconnect the battery terminals, negative 
(ground) terminal first, and release the 
battery clamp. 


3. Lift out the battery. 


Figure 1 
Battery Hydrometer 


SPECIFIC GRAVITY 


The specific gravity of the battery electrolyte 
indicates the state of charge. Fully charged the 
specific gravity of the electrolyte is approx- 
imately 1.280. 


When a battery discharges, sulphuric acid in 
the electrolyte combines chemically with the 
plates and this action lowers the specific 
gravity of the solution. 


A battery hydrometer, Figure 1, will determine 
the specific gravity of the electrolyte in a cell 
and the amount of unused sulphuric acid in the 
solution is a measure of the degree of charge of 
that cell. 


The lower the temperature at which a battery is 
required to operate, the more necessary it is 
that the battery is maintained in a fully charged 
condition. For example a battery with a low 
specific gravity of 1.225 at 27°C (80°F) will 
operate the starting motor at warm ambient 
temperatures but may not, due to lower 
battery efficiency, at a low temperature. 


The following table shows the effect of 
temperature on the efficiency of a typical 
battery. 


Efficiency of a Fully 


Temperature Charged Battery 
26.5°C (80°F) 100% 
10.0°C (50°F) 82% 

-1.0°C (30°F) 64% 

-6.5°C (20°F) 58% 

-12.0°C (10°F) 50% 

~17.0°C (1.5°F) 40% 

-23.0°C (-10°F) 33% 


Maximum battery life will be obtained if the 
correct care and periodic inspection is given. It 
is important that output capacity should not be 
exceeded by constant and excessive over- 
loading and that charging requirements are 
maintained. 
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SERVICING THE BATTERY 


When servicing a battery the following steps 
should be observed. 


1. Maintain the electrolyte to the recom- 
mended level which is generally approx- 
imately 0.25 in (5 mm) above the plates; 
otherwise the acid will reach a high 
concentration that will damage the 
separators and impair the performance of 
the plates. 


2. Use only distilled water for topping up. 


3. Always keep the battery at least three- 
quarters charged otherwise the plates will 
become sulphated and loss of efficiency 
will result with possible damage from 
freezing at low temperatures. 


4. Avoid overcharging the battery as excess- 
ive charging will create high inernal heat 
that will expand and warp the plates. 
Distortion of the battery case and 
displacement of the sealing compound 
may also result. 


5. When fast charging ensure the battery 
temperature does not exceed 65°C 
(149°F). 


6. Do not add sulphuric acid to a cell unless 
the electrolyte has been lost through 
spilling. Before replenishing ensure the 
solution is at the correct specific gravity. A 
slow charge is the only method to be 
employed to fully charge a battery. A high 
rate charger can be used to quickly boost 
the battery capacity but this must be 
followed by a slow charge rate to bring the 
battery to full capacity. 


DRY CHARGED BATTERIES 


IMPORTANT: Dry charged batteries must 
not be allowed to stand in an unfilled state after 
the time period stamped on the battery 
(approximately one year) has expired. 


Dry charged batteries must be prepared for 
service as follows: 


1. Remove the battery cell vent plugs. 


2. Fill each cell to the recommended level 
with electrolyte. 


NOTE: The electrolyte must be diluted 
sulphuric acid preferably at a temperature of 
21°—32°C (70°— 90°F). 


3. After filling, allow the battery to stand for 
15 minutes then re-check the electrolyte 
level and top-up if necessary. 


4. Charge the battery for four hours at a rate 
of 5—8 amperes, in accordance with the 
leaflet supplied with the battery, and check 
all cells are gassing freely. 


5. Install the battery cell vent plugs. 
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CHARGING THE BATTERY 


Before charging a battery: 


1. Thoroughly clean the battery casing and 
cell covers with dilute ammonia or hot 
water and clean the terminals. 


2. Check the level of the electrolyte in each 
cell and as necessary add distilled water. 


3. With a slow charger use a rate of 3 to 6 
amperes for the time necessary to bring the 
battery to full charge. This may take 24 
hours or more if the battery is heavily 
sulphated. A severely sulphated battery 
might not accept a charge. When the 
battery is fully charged the cells will gas 
freely and the specific gravity will remain 
constant. Remove the charger after three 
consecutive hydrometer readings taken at 
hourly intervals indicate that the specific 
gravity has stopped rising. 


4. When using a fast or high rate of charge 
carefully follow the manufacturer’s in- 
structions. High rate charging raises the 
temperature of the electrolyte and, unless 
a charger is equipped with an automatic 
time or temperature device, the electrolyte 
temperature could exceed 65°C (149°F), 
which may cause violent battery gassing. 


A WARNING: When a battery is being 
charged an explosive gas is produced. Do not 
smoke or use an exposed flame when checking 
the electrolyte level. 


TESTS 


Before commencing battery tests check the eee 
battery for clogged vents, corrosion, raised cell 
covers or a cracked case. 


Test Equipment required: 
e Hydrometer 


e Battery Starter Tester 
(High Rate Discharge Tester) 


e Battery Charger 


SPECIFIC GRAVITY: This test will determine 
the state of battery charge. 


1. With the float in the vertical position take 
the reading. 


2. Adjust the hydrometer reading for 
electrolyte temperature variations by sub- 
tracting four points (0.004 specific gravity) 
for every 5.5°C (10°F) below the 
temperature at which the hydrometer is 
calibrated and by adding four points (0.004 
specific gravity) for every 5.5°C (10°F) 
above this temperature. 


The following examples are calculated using a 
hydrometer calibrated at 30°C (86°F). 


Example 1: 
Temperature below 30°C (86°F) 


Electrolyte temperature 19°C (66°F) 
Hydrometer reading 1.270 
Subtract 11.0 x 0.004 0.008 

5.5 
Corrected Specific Gravity 1.262 
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Example 2: 
Temperature above 30°C (86°F) 


Electrolyte temperature 40°C 
(104°F) 
Hydrometer reading 1.220 
Subtract 10.0 x 0.004 0.007 
5.5 
Corrected Specific Gravity 1.277 


3. Use the following table to determine the 
state of charge. 


Corrected 

Specific Gravity State of Charge 
1.280 100% 

1.230 75% 

1.180 50% 

1.130 25% 

1.080 Discharged 


NOTE: Specific Gravity should not vary more 
than 0.025 points between cells. 


4. If the specific gravity is 1.280 or more, the 
battery is fully charged and in good 
operating condition. 


5. Should the corrected specific gravity be 
below 1.280, charge the battery and 
inspect the charging system to determine 
the cause of low battery charge. 


NOTE: /f distilled water has recently been 
added the battery should be put to work for a 
short period otherwise accurate hydrometer 
readings will not be obtained. 


CAPACITY TEST: The capacity test is to 
determine if the battery has_ sufficient 
discharge capacity for the load imposed by the 
electrical accessories whilst turning the 
engine. The voltage reacling obtained is used 
to determine the battery condition. Prior to 
testing, ensure the electrolyte level is correct 
and the specific gravity of each cell is 1.225 or 
more. The battery may be tested on or off the 
tractor. 


1. Set the current control switch of the 
battery starter tester (high rate discharge 
tester) to the ‘Off’ position, and the voltage 
selector switch equal to, or slightly higher 
than, the rated battery voltage. Connect 
the tester positive leads to the battery 
positive terminal and the negative leads to 
the negative battery terminal. 


2. Turn the current control knob until the 
ammeter reading is three times the 
ampere-hour rating of the battery and take 
the voltage reading. 


e If the reading is 9.6 volts or more the 
battery has an acceptable output capacity 
and will readily accept a normal charge. 


e If however the reading is below 9.6 volts, 
test charge the battery as described. 


IMPORTANT: Do not leave the high 
discharge load on the battery for periods 
longer than 15 seconds. 
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TEST CHARGING: This test is designed only 
for batteries that have failed the previous 
Capacity Test. 


1. Attach the battery starter tester (high rate 
discharge tester) positive leads to the 
battery positive terminal and the negative 
leads to the battery negative terminal. 


2. Connect the battery charger positive lead 
to the battery positive terminal and the 
negative lead to the battery negative 
terminal. 


3. Turn the charger timer past the ‘3 minutes’ 
charge indication, and then back to the ‘3 
minutes’ mark. 


4. Setthecharging rate as close as possible to 
40 amperes. 


5. After three minutes at this fast charge take 
the voltmeter reading. 


e lf the total voltage is over 15.5 volts, the 
battery is unsatisfactory and is probably 
sulphated or worn out and should be 
replaced. 


e lf the total voltage is under 15.5 volts, test 
individual cell voltages (if battery has 
external cell connections) with the charger 
still operating on fast charge. If cell 
voltages are uneven replace the battery. 


e If the individual cell voltages are even, 
within 0.1 volts, test the specific gravity of 
each cell and re-charge the battery to the 
following scale: 


Specific Gravity Fast Charge Up To: 


1.150 or less 60 minutes 
1.151 to 1.175 45 minutes 
1.176 to 1.200 30 minutes 
1.201 to 1.225 15 minutes 


(Slow Charge Only) 


NOTE: When battery trouble is experienced 
the fan belt tension and the complete charging 
system should be checked. 


INSTALLATION 


1. Installation of the battery is the removal 
procedure in reverse. 


NOTE: When connecting the battery leads 
ensure the positive terminal is connected first. 
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A. STARTING SYSTEM — DESCRIPTION AND OPERATION 


The Ford TW Series tractors feature a starting 
system comprising a key start switch, safety 
start switch, solenoid, pre-engaged starting 
motor and heavy duty circuit wiring. 


The function of the starting system is to crank 
the engine fast enough to facilitate a start. This 
action is effected by engaging the drive gear 
pinion of a high torque starting motor with the 
ring gear teeth on the periphery of the engine 
flywheel. 


Figure 1 
Starting System — Ford TW Series Tractors 
. Safety Start Switch 
. Field Coils 
. Starting Motor 
. Second Contacts 
. First Contacts 
. Overrun Clutch 


The TW Series Tractors are equipped with a 5 ferrun & 
. Drive Pinion 


in (127.0 mm) starting motor. The starting ~ Flywheel Ring Gear 
motor is a four pole, four brush ground return . Pivot Lever 

motor. It uses parallel connected field coils and 10. Hold-in Coil . 
a solenoid-operated positive engagement iM ee Motor Solenoid 
drive assembly which prevents the pinion from 13. Pull-in Coil 


being thrown out of mesh while starting. 14. Key-Start Switch 
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The starting motor solenoid incorporates two 
windings connected in parallel. One winding is 
the low resistance ‘pull-in’ coil, gounded 
through the motor field coils, whilst the other is 
the high resistance ‘hold-in’ coil, grounded via 
the solenoid body. 


When the key start switch is closed, with the 
transmission in neutral, the solenoid coils are 
energised and the solenoid plunger is 
magnetically attracted into the solenoid core. 
This movement, transmitted through a pivoted 
linkage mechanism, forces the drive pinion 
into mesh with the flywheel ring gear. 


The starting motor features a two stage 
switching arrangement. If the pinion and ring 
gear teeth clash due to non-alignment, the 
solenoid plunger compresses an engaging 
spring and closes only the first set of contacts 
in the two-stage switching arrangement. In 
this instance current can only flow through one 
of the field coils and via the armature to 
ground. The excitation of this one coil provides 
enough current for the motor to index the 
armature and facilitate engagement of the 
drive pinion with the ring gear teeth. 


When full engagement is obtained, the 
engagement spring is decompressed and 
allows the solenoid plunger to close the second 
set of contacts thereby energising all four field 
coils. 


When the key start switch is released, power to 
the solenoid and motor is removed. The 
solenoid return spring, acting through the 
pivoted linkage mechanism, pulls the drive 
pinion out of mesh and re-opens the solenoid 
contacts. 


When the pinion is retracted, the rotating 
armature is quickly stopped by a pair of 
moulded shoes located in the brush endplate. 


An overrunning clutch is provided on the drive 
assembly to protect the starting motor should 
the drive pinion remain engaged with the 
flywheel ring gear after the engine has started. 


B. STARTING MOTOR — OVERHAUL 


PRELIMINARY CHECKS 


Prior to electrical testing, thoroughly inspect 
the starting system. Check all leads and 
connections for continuity and tightness. 


1. Check the Battery 


With an hydrometer, check the battery is at 
least 75% charged and in good condition. 


2. Check the Engine is not Seized. 


Ensure the engine is free to rotate. 
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INITIAL TESTS 


The initial tests may be performed without 
removing any of the starting circuit com- 
ponents from the tractor and enable the 
following items to be checked: 


e Starting Motor Circuit Current Draw 


e Starting System Circuit Resistance 
(Voltage Drop) 


e Battery Cables 


Test Equipment required: 


e Voltmeter (O—20 Volts) 


e Ammeter (0Q—500 Amperes) 


1. Starting Motor Circuit Current Draw 
Test 


With reference to Figure 2. 


1. Disconnect the battery negative cable at 
the battery. 


2. Disconnect the battery positive cable from 
the starting motor solenoid. Connect the 
ammeter positive lead to the battery 
positive terminal and the ammeter nega- 
tive lead to the solenoid battery terminal. 


3. Reconnect the battery negative cable to 
the negative terminal on the battery. 


Figure 2 
Circuit Current Draw Test 
1. Ammeter 
2. Voltmeter 
3. Battery 


4. Starting Motor 


4. Connect the voltmeter positive lead to the 
battery positive terminal and voltmeter 
negative lead to the battery negative 
terminal. Pull out the engine stop control. 
Crank the engine whilst observing the 
voltmeter and ammeter readings. 


If the current draw is within the specifi- 
cations the starting motor is functioning 
correctly. See ‘Specifications’ — Chapter 
5. 


lf the current draw is greater than 
specified, check the starting system cicuit, 
as detailed in the ‘Starting System Circuit 
Resistance Test’. 


If the current draw is less than specified the 
starting motor is defective and should be 
disassembled to determine the cause. 
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2. Starting System Circuit Resistance 
(Voltage Drop Test) 


If there is an excessive current draw, the circuit 
should be checked by recording voltage drops 
across the individual components in the circuit 
as detailed: 


Battery Positive Cable 


1. Pull out the engine stop control. 


2. Connect the voltmeter positive lead to the 
battery positive terminal and the voltmeter 
negative lead to the solenoid battery 
terminal. 


3. Crank the engine whilst observing the volt- 
meter reading. If the voltage exceeds 0.2 
volts, check and tighten the cable 
connections. Re-check the voltage, and if 
still excessive, install a new battery positive 
cable. | 


Starting Motor Solenoid 


IMPORTANT: Ensure that the starting motor 
solenoid mounting surfaces are free from dirt, 
grease or paint which would prevent the 
essential earthing connection between the 
starting motor and solenoid assembly. 


1. Connect the voltmeter positive lead to the 
starting motor solenoid battery terminal. 


2. Connect the voltmeter negative lead to the 
starting motor solenoid output terminal. 


3. Crank the engine whilst observing the 
voltmeter reading. If the voltmeter reading 
exceeds 0.5 volts whilst the engine is being 
cranked, install a new solenoid assembly. 


Battery Ground Cable 


1. Connect the voltmeter positive lead to any 
suitbale clean paint-free stud on the engine 
block. 


2. Connect the voltmeter negative lead to the 


battery negative terminal. 


3. Crank the engine whilst observing the 


voltmeter. If the reading exceeds 0.2 volts, 
clean and tighten the ground cable 
connections. 


Re-check the voltage and if still in excess of 
0.2 volts, install a new ground cable 
assembly. 


Should the inital tests be completed without 
the fault being located, or if the tests indicate 
that the fault lies within the starting motor, 
then the removal of the starting motor from the 
tractor will be required. 


REMOVAL 


1. Disconnect the ground (negative) cable 
from the battery. 


2. Disconnect the starting motor ground 
cable from the starting motor brush end 
plate. 


3. Disconnect the positive battery cable and 
engine harness wire from the solenoid. 


4. Remove the starting motor mounting bolts 
and remove the starting motor. 
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Figure 3 
Starting Motor —: Exploded View 
1. Housing Seal Grommet 15. Drive Brake Shoes 
2. Starter Drive End Housing 16. Metal Washer 
3. Lever Pivot Nut 17. Fabric Washer 
4. Lever Pin 18. Brake Shoe Springs 
5. Drive Assembly Control Lever 19. Bolt 
6. Drive Pinion Stop Collar Retainer 20. Brush End Plate Assembly 
7. Drive Pinion Stop Collar 21. Brush Holder Assembly 
8. Drive Assembly 22. Brush Plate Screw Seal 
9. Centre Bearing Plate Assembly 23. Brush Assembly 
10. Rear End Plate Bearing 24. Brush Plate Screw 
11. Thrust Washer 25. Spring 
12. Field Coil Assembly 26. End Cover Seal 
13. Starting Motor Armature Assembly 27. Starter Housing 
14. Drive Shaft Drift Pin 28. Solenoid 
DISASSEMBLY 3. Remove the two _ through-bolts, 


lockwashers, tab washers and seals. 
With reference to Figure 3. 


1. Secure the starting motor in a vice 
equipped with soft jaws. Do not 
overtighten the vice. 
4. Remove the brush end cover while at the 
same time using a blade screwdriver to 
2. Remove the two bush holder screws and keep the brush holder assembly on the 
seals from the brush end cover. armature commutator . 
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5. Remove the cover seal 


6. 


7. 


8. 


9. 


10. 


11. 


12. 


Raise the springs on the two field coil 
(insulated) brushes and pull the brushes 
out of the holders. : 


Remove the brush plate assembly from the 
commutator. 


Disconnect the copper link and the flexible 
link from the two solenoid terminals. 


Remove the two solenoid retaining nuts 
and lockwashers and remove the solenoid 
and gasket. 


With the drive assembly in the fully 
engaged position, lift the solenoid plunger 
from the drive lever yoke. 


Loosen the locknut on the drive lever pivot 
pin and remove the nut and pin. 


Remove the drive end housing and remove 
the grommet seal. Remove the through- 
bolt seals from the drive end housing. 


13. Lift the drive lever from the drive assembly. 


14. Remove the armature, drive assembly and 
intermediate plate from the frame and coil 
assembly. 


15. Move the drive assembly fully back on the 
armature. Slide the stop collar away from 
the retainer. Spread the retainer and slide it 
off the armature. 


16. Remove the stop collar, drive assembly, 
intermediate plate, and thrust washer, if 
used. 


ELECTRICAL TESTS 


Starting Motor Electrical Circuit 
Testing 


To facilitate testing of the starting motor 
electrical circuits use a standard voltmeter 
(O—20 volts). 


Testing Armature for Short Circuits 


In order to test the armature for short circuits, 
use suitable armature testing equipment or a 
‘growler’ and follow the manufacturers’ 
instructions on how to test for short circuits. 
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Figure 4 
Testing Armature for Grounded Circuits 
1. Armature Assembly 
2. Voltmeter 
3. Battery 
4. Commutator 


Testing Armature for Grounded Circuits 


With reference to Figure 4. 


i. 


Attach the voltmeter negative lead to the 
battery negative teminal. 


Attach one end of a jumper lead to the 
battery positive terminal. 


Touch the armature core with the jumper 
lead whilst touching a commutator 
segment with the voltmeter positive lead. 
Test each segment of the commutator in 
this manner. Observe the voltmeter and, if 
a voltage reading occurs, the armature 
windings are grounded and a new arma- 
ture must be installed. 


Figure 5 
Testing Field Coils for Open Circuit 
1. Eyelet Wire 
2. Voltmeter 
3. Battery 


4. Insulated Brush 


Testing Field Coils for Open Circuits 


With reference to figure 5. 


1. Connect the voltmeter positive lead to the 
starting motor field terminal. 


2. Connect the voltmeter negative lead to the 
battery negative terminal. 


3. Attach a jumper lead between the battery 
positive terminal and to one of the 
insulated brushes. The voltmeter should 
indicate battery voltage. 


Figure 6 
Testing Field Coils for Grounded Circuits 
1. Starting Motor Field Terminal 
2. Voltmeter 
3. Battery 
4. Casing 


4. Repeat the complete test with jumper lead 
connected to the other insulated brush. 
The voltmeter should indicate battery 
voltage. 


5. Disconnect the voltmeter positive lead 
from the starting motor field terminal and 
connect it to the eyelet wire. Connect the 
jumper lead between the battery positive 
terminal and each of the insulated brushes. 
The voltmeter should indicate battery 
voltage. 


If no voltage is indicated in Steps 3, 4 or 5, an 
open circuit exists in the field coils and new 
coils must be installed. 
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Testing Field Coils for Grounded Circuits 


With reference to Figure 6. 


1. 


Connect the voltmeter positive lead to the 
starting motor field terminal. 


Connect the voltmeter negative lead to the 
battery negative terminal. 


Attach a jumper lead between the battery 
positive terminal and the starting motor 
casing. 


The voltmeter should indicate zero voltage. Ifa 
reading is obtained the field coils are gounded 
and new coils must be installed. 


INSPECTION AND REPAIR 


ds 


Check the movement of the brushes in 
their holders. If the brushes are sticking, 
clean them with a petrol-moistened cloth 
and if necessary, smooth their sides with a 
very fine glass paper (not emery cloth) and 
wipe clean. 


Check the brushes for wear. If they are 
worn to less than the specified length 
install new brushes, see ‘Specifications’ — 
Chapter 5. 


Check the brush sping tension by 
positioning a spring scale hook under each 
brush spring, Figure 7. Install new springs 
if the tension is less than specified, see 
‘Specifications’ — Chapter 5. 


Figure 7 
Measuring Brush Spring Tension 
1. Spring Scale 


4. Inspect the insulation between the field 
brush holders and the brush end plate. If 
defective, installa new end plate assembly. 


5. Inspect the armature for damage to the 
core and wire areas. If damaged, install a 
new armature. 


IMPORTANT. Do not attempt to machine the 
core. 


6. Inspect the surface of the commutator for 
burned spots and, if evident, install a new 
armature. 


2. Brush Spring 


Figure 8 
Checking Armature Shaft Runout 
1. Dial Indicator 


7. Check the armature and commutator for 
run-out using Vee-blocks and a dial 
indicator, Figure 8. 


If the run-out is greater than that specified 
or if the shaft is badly worn, install a new 
armature. See ‘Specifications’ — Chapter 
5. 


NOTE: Commutators which are only slightly 
worn may be turned down on a lathe. Rotate 
the armature at a high speed and take light cuts 
with the tool. Then polish the surface with fine 
glass paper. Do not reduce the diameter of the 
commutator below that specified, see “Specifi- 
cations’ — Chapter 5. 
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Figure 9 Figure 10 
Removing Drive End Housing Bushing Installing Drive End Housing Bushing 
1. Tool No. 954C or 9508 1. Bushing Driver, Tool No. 818 or 9514 


2. Bushing Driver Cap, Tool No. 818 or 9514 


8. Examine the armature shaft bushing in the 10. Check the operation of the drive assembly 
brush end plate. If the bushing is worn or roller clutch. The pinion should only rotate 
scored, install a new bushing. in a clockwise direction. If the pinion is 

7 stuck or rotates in both directions or if the 
pinion teeth are damaged, install a new 
drive assembly. 


Inspect the brake shoes in the brush end | _ 
plate. If worn or damaged, install new IMPORTANT: /f damaged pinion teeth are 


brake shoes. evident, check the flywheel ring gear teeth, see 
“ENGINE SYSTEMS” — Part 1. 


ARMATURE BEARING 
Inspect the bushing in the inner plate. If 
worn or scored, install a new bushing. 1. Remove the bearing from the drive end 
housing with clutch pilot bearing removal 
Tool No. 954C or 9508, Figure 9. 


9. Examine the bushing in the drive end 2. Install the drive end housing bearing with 
housing. If the housing is worn or scored, Bushing Driver and Bushing Driver Cap 
install a new bushing. Tool No. 818 or 9514, Figure 10. 


10 


Sno ene emer (>i fT fy oS emma eee eset wrayer 


Figure 11 Figure 12 


Removing Intermediate Plate Bushing Pole Shoe Screw Removal and Installation 
1. Sleeve 1. Fabrication Tool 
2. Pole Shoe 


3. Remove the bearing from the intermediate FIELD COIL 
plate using a 17%, in (30.86 mm) outside 


diameter sleeve, Figure 11, as shown. 1. Check the field coils by performing the field 


coil ground circuit test as described on 


4. Install the intermediate plate bearing with a page 8. 


1¥,, in (26.99 mm) outside diameter sleeve. 
2. Unsolder the field coil leads from the field 


5. Remove the bearing from the brush end terminal. 


plate by inserting a %, in (14 mm) tap into 
the bearing and withdrawing it from the 
cover. 


3. Unsolder the eyelet cable from the field coil 
connection. 


4. Remove the pole shoe screws following 

6. Install the brush end plate bearing with the method illustrated in Figure 12. The 

bearing driver and bushing driver cap, Tool highly-torqued screws require the use of a 
No. 818 or 9514. press or vice to keep the tool engaged. 


NOTE: A too/ can be fabricated by welding the 


NOTE: Self-lubricating porous bronze angors phillips head screwdriver to a nut. 


bearings are used. Before installation, new 
bearings should be allowed to stand in a light 5. Remove the insulation band. 

engine oil at room temperature for 24 hours. 

The bearings must not be reamed after 6. Remove the pole shoes and field coils from 
installation as the self-lubricating quality will be the starting motor frame. 

impaired. If it is necessary to size the bearing 

after installation, use a highly polished mandrel 7. Position the new field coils over the pole 
approximately 0.0005 in (0.013 mm) greater in shoes and place the coils in the starting 
diameter than the shaft diameter. motor frame. 
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8. Place the insulation band in position. 


9. Install the pole shoes retaining screws. 
While tightening the screws, tap the 
starting motor frame wth a soft-faced 
hammer to align and set the pole shoes. 
Once installed, stake the screws to prevent 
them from loosening. 


10. Resolder the field coil leads to the starting 


motor field terminal using resin core solder 


11. Resolder the eyelet cable connections. 


12. Check the field coils for grounding as 
described under ‘Field Coil Ground Circuit 


Test’, page 8. 


RE-ASSEMBLY 


Re-assembly of the starting motor follows the 
disassembly procedure in reverse. When re- 
assembling the starting motor observe the 
following requirements. 


e Ensure the frame of the starting motor is 
clean. 


e Before the drive end housing is firmly 
seated, align the slot in the centre bearing 
plate with the pin in the drive end housing 
and the slot in the starting motor frame. 


INSTALLATION 


Installation of the starting motor follows the 
removal procedure in reverse. Prior to 
installation observe the following setting 
procedures and perform the starting motor no- 
load test. 
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Figure 13 
Measuring Pinion Gear Clearance 


1. Pinion Gear 3. Feeler Gauge 


2. Thrust Collar 


Setting the Pinion Clearance — 


1. Secure the starting motor in a vice 
equipped with soft jaws. 


2. Using a 6 volt source, Connect a jumper 
lead through an open switch between the 
source and the solenoid switch terminal 
(spade connector). Connect another lead 
from the source to the starting motor 
ground terminal. 


Measure the pinion clearance by inserting 
a feeler gauge, of the specified thickness, 
between the pinion gear and the armature 
shaft collar then close the switch, Figure 
13. Lightly press the pinion towards the 
armature to take up any slack in the drive 
linkage and check the clearance. For the 
correct pinion clearance, see ‘Specifica- 
tions’ — Chapter 5. 
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Figure 15 
Adjusting Pinion Clearance Checking Armature Shaft End Play 
1. Locknut 2. Pivot Pin 1. Thrust Collar 2. Dial Indicator 


4. \f the clearance is incorrect, loosen the SETTING THE ARMAT URE END PLAY 
drive lever eccentric pivot pin locknut and 
turn the pin clockwise to increase the 1. Secure the starting motor in a vice 
clearance or counterclockwise to reduce equipped with soft jaws and attach a dial 
the clearance. indicator, Figure 15, as shown. 


2. Move the armature shaft forward as far as 
it will go by pressing on the thrust collar. 
Set the dial indicator shaft on the end of 
the armature shaft and adjust the gauge 


NOTE: Ensure the head of the arrow marked ; 
dial to zero. 


on the pivot pin is set between the arrows cast 
on the drive end housing. If this condition 
cannot be achieved, renew the drive linkage 


assembly. 
3. Push the armature shaft rearward as far as 
possible and record the gauge reading. 
4. If the end play is greater than 0.025 in 
5. After setting the clearance hold the pivot (0.635 mm), disassemble the starting 
pin in position with a screwdriver and motor and install a shim, or shims, 
tighten the locknut to the correct torque, between the armature core and the 
see ‘Specifications’ — Chapter 5. intermediate plate. 
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Figure 16 
Starting Motor No-Load Test 


. Ammeter 

. Variable Load Resistor 
. Voltmeter 

. Jumper Cable 

. Hand Tachometer 

. Jumper Lead 
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Starting Motor No-Load Test 
With reference to Figure 16. 


NOTE: A fully-charged battery and a battery 
starter tester (high-rate discharge tester) witha 
carbon pile (variable load resistor) should be 
used to perform this test. 


1. Secure the starting motor in a vice 
equipped with soft jaws. 
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2. Connect the battery negative cable to the 
starting motor mounting flange. 


Connect a short jumper lead between the 
solenoid battery and solenoid switch 
terminals. 


3. Connect the voltmeter positive lead to the 


battery positive terminal, the voltmeter 
negative lead to the battery negative 
terminal, the ammeter positive lead to the 
battery positive terminal and the ammeter 
negative lead to the solenoid battery or 
starting motor terminal. 


4. Hold a hand tachometer on the end of the 


armature shaft. Actuate the starting motor 
by adjusting the carbon pile to give 12 
volts. When the armature rotates between 
5500 and 7600 rev/min. the maximum 
current draw should not exceed 117 
amperes. 


5. If the starting motor does not perform to 
specifications, check for grounded field 
coils, a rubbing armature or a distorted 
armature shaft. 


C. SAFETY START SWITCH — DESCRIPTION AND OPERATION 


DESCRIPTION 


The Ford TW Series Tractors feature a safety 
start switch mounted on top of the clutch 
pedal support assembly. 


The function of this switch is to allow the 
engine to be started only when the clutch pedal 
is depressed. 
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OPERATION 


The safety start switch consists of a sealed 
container housing a spring loaded plunger and 
a set of contacts. 


During normal operation of the tractor, the 
spring holds the plunger away from the 
contacts, but when clutch pedal is depressed, 
the spring is compressed to close the contacts 
and complete the starting motor circuit. 
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D. SAFETY START SWITCH — OVERHAUL 


NOTE: 7he safety start switch is serviced only 
as a complete assembly. 


REMOVAL 


1. Disconnect the ground cable (negative) 
from the battery. 


2. From within the cab, disconnect the two 
wires from the top of the switch. 


3. Remove the safety start switch bracket 
retaining bolts and withdraw the switch 
and bracket assembly, Figure 17. 


4. Unscrew the lock nut and separate the 
switch from the bracket. 


INSTALLATION 


Installation of the safety start switch follows 
the removal procedure in reverse. To adjust the 
safety start switch, fully depress the clutch 
pedal and adjust the switch bracket such that 
the actuating ball is completely compressed. 


Figure 17 
Safety Start Switch Adjustment 
. Switch Bracket 
. Adjusting Bolts 
. Clutch Pedal 
. Actuating Ball 
. Safety Start Switch 


O1RWN— 


Securely tighten the bracket adjusting bolts 
and check for correct switch operation. 


E. KEY START SWITCH — DESCRIPTION AND OPERATION 


DESCRIPTION 


The key start switch, located in the control 
console, provides a means of permitting 
current to flow from the battery via the safety 
start switch, to the starting motor. 


The switch also actuates the accessories, 
auxiliary electrical equipment and_ the 
thermostart. 
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OPERATION 
With reference to Figure 18. 


The switch has five positions to activate the 
electrical components as follows: 


e POSITION 1 — OFF. 
e POSITION 2 — Current is allowed to flow 


from the battery to the accessories (radio, 
loudspeaker, etc.). 
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e POSITION 3 — Current is allowed to flow 


from the battery to the auxiliary electrical. 


components (turn indicators, horn, etc.). 


e¢ POSITION 4 — Current is directed to the 
thermostart. When thermostart is 
required, the switch should be held in this 
position for 15 seconds before turning to 
Position 5. 


e POSITION 5 — The switch continues to 
activate the thermostart but also allows 
current to flow from the battery to the 
starting motor. The fourth and fifth 
positions are spring loaded and on release 
the key automatically returns to Position 3. 


IMPORTANT: When the tractor is not in use, 
return the key to position 1 — OFF. 


Figure 18 
Key Start Switch Positions 


. OFF 

. Accessories ON 

. Auxiliary Electrical Equipment ON 

. Thermostart Operates 

. Thermostart and Starting Motor Operate 
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F. KEY START SWITCH — OVERHAUL 


REMOVAL 


1. Disconnect the battery ground cable 
(negative) from the battery. 


2. Remove the switch retaining nut and 
withdraw the switch from the instrument 
panel or control console. 
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3. Disconnect the wiring harness connectors 
from the switch terminals. 


INSTALLATION 


Installation of the key start switch follows the 
removal procedure in reverse. On installation 
tighten the switch retaining nut to the correct 
torque, see ‘Specifications’ — Chapter 5. 


PART 3 
ELECTRICAL SYSTEMS 


Chapter 4 
CHARGING SYSTEM — ALTERNATOR WITH 
INTEGRAL REGULATOR 
Section Page 


A. CHARGING SYSTEM — DESCRIPTION AND OPERATION 1 


B. CHARGING SYSTEM — SERVICE PRECAUTIONS, 
PRELIMINARY CHECKS , INITIAL TESTS AND 
ALTERNATOR COMPONENT TESTS 7 


C. CHARGING SYSTEM — OVERHAUL 12 


A. CHARGING SYSTEM — DESCRIPTION AND OPERATION 


The Ford Tractors feature a negative ground, 
alternating current charging system 
comprising an alternator, alternator regulator, 
storage battery and the necessary wires to 
connect the circuit. 


Alternators provide a higher maximum output 
than the equivalent direct current generators 
and also increased charge rates at lower engine 
speeds. Unlike a direct current generator, the 
alternator does not require a commutator and 
can be run safely at higher speeds. 


This Chapter deals with the overhaul and repair 


of the alternator. Figure 1 
Alternator 
1. Field Lead—Red/Yellow 
2. Attaching Bolt 
The alternator, Figure 1, is mounted on the _ .3. Alternator Belt 
right side of the engine (as viewed from the rear 4. Ground Lead— Black 
: : 5. Attaching Bolt 
of the machine) and is belt driven from the 6. Output Lead—Red 
crankshaft pulley. 7. Regulator Lead— Blue/Red 


tia 
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Figure 2 
Alternator Regulator Location — Viewed from 
Beneath Tractor 


Regulator Wire Clip 
Regulator 

Battery Box 

Right Hand Step 
Harness Clip 
Connector 
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The alternator is cooled by a fan attached at the 
pulley end. Air is drawn through openings in 
the rear housing and expelled at the fan, thus 
cooling the alternator components. Four 
terminals on the rear housing connect the 
alternator into the electrical system. 


The regulator, Figure 2, is mounted on the 
inside of the right hand step bracket. The 
regulator is fully transistorized and is her- 
metically sealed, making the unit weatherproof 
and resistant to vibration. A four terminal plug 
connects the regulator into the charging 
system, Figure 3. 


The alternator terminals are identified in figure 
4. With reference to Figure 5 the alternator 
comprises principally: 

e Rotor 


e Stator 


e Rectifier 
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Figure 3 
Alternator Charging System 


. Alternator 

. Battery 

. Electrical Systems 

. Battery Condition Meter 
. Key-start Switch 

. Electrical Systems 

. Regulator 


Figure 4 
Alternator Terminal Identification 
Field Terminal 
Ground Terminal 
Output Terminal 
Regulator Terminal 
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Figure 5 
Alternator — Exploded View 


. Support Bearings 

Rotor Assembly 

Brush Assembly 

Rear Housing 

. Insulators 

. Insulators 

. Positive Diode Assembly 


NOT RW 


ROTOR 


The rotor, Figure 6, and brushgear provide the 
magnetic field of the alternator unlike a direct 
current generator where the field is stationary. 


The rotor is belt driven from the engine 
through a pulley keyed to the rotor shaft which 
runs in heavy-duty sealed ball race bearings. 
An integral fan, adjacent to the pulley, draws 
cooling air through the alternator. 


8. Field Diode 

9. Stator Assembly 

10. Negative Diode Assembly 
11. Pulley 

12. Fan 

13. Front Housing 


Current is supplied to and returned from, the 
rotor field coil via two carbon brushes which 
bear against peripheral slip rings. 


The spring loaded brushes are retained within a 
cover mounted in the rear housing. 


As current passes through the copper wire of 
the rotor field coil a magnetic field is produced 
and contained within an armature formed into 
pole shoes. The configuration of the pole 
shoes ensures concentration of the magnetic 
field. 
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Figure 6 
Rotor Assembly 


1. Splined Shaft 3. Slip Rings 
2. Coiland Core Assembly 4. Pole Pieces 


STATOR 


The stator, Figure 7, contains the windings 
into which current is induced by the revolving 
magnetic field of the rotor. 


The stator is fabricated from laminations of 
thin steel pressings onto which three separate 
wires are wound. The laminations are specially 
formed to concentrate and collect the 
magnetic field. 


During each complete revolution of the rotor, 
all three stator windings have induced currents 
passing first in one direction and then the 
other; in other words a 3-phase alternating 
current. 


Because alternating current is generated in a 
series of pulsations, the rotor features six pairs 
of poles to provide an overall smoother output. 
For every revolution of the rotor the output 
characteristic of each stator winding 
completes six cycles. 


2. Winding Ends 


Figure 7 
Stator Assembly 
3. Windings 
4. Steel Plates 


1. Slots 


Alternating current (AC) is unsuitable for 
charging the battery, which requires pure 
direct current (DC). Therefore, the three stator 
windings are connected to a rectifier assembly 
which rectifies or converts the alternator 
output to direct current. 


RECTIFIER ASSEMBLY 


The rectifier assembly consists of six ouput 
and three field diodes, Figure 8. 


NOTE: A diode is basically an electronic ‘check 
valve’ which allows current to flow in one 
direction only. 


Three of the six output diodes are mounted ina 
positive plate and three in a negative plate. The 
two plates are separated and one end of each 
of the three stator windings is connected to a 
different diode in each plate. 
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Figure 8 
Rectified Assembly 
Diodes 
Negative Plate 
Positive Plate 
Field Diode Assembly 


PANY 


The plates are heat-sinks which both dissipate 
heat and serve as conductors for the diodes. 
Two studs on each plate attach the assemblies 
to the rear housing. One stud on the positive 
plate is the alternator regulator terminal and 
the other is the output terminal. 


The positive plate is insulated from the rear 
housing but the negative plate is attached and 
the upper stud serves as the alternator ground 
connection. 


As the rotor revolves, the diodes rectify or 
convert the alternating current of the stator to 
a direct current which may be used to 
effectively charge the battery. 


The three field diodes are encased in an epoxy 
resin and mounted on the positive diode plate. 
One end of each of the three stator output 
wires also connects to one of these diodes. 
The field diodes supply direct current to the 
rotor field winding and can only be replaced as 
a complete unit. 


Figure 9 
Alternator Regulator Assembly 


REGULATOR 


The regulator controls and maintains the 
alternator output voltage at a safe working 
level. The unit consists of diodes, transistors 
and calibrating resistors and four wires 
connect the regulator into the charging 
system, Figure 9. 


The regulator components are sealed in epoxy 
resin and can only be replaced as a complete 
unit. 


The regulated voltage level is established in 
manufacture and cannot be adjusted in 
service. 


There is no cut-out system or current 
regulating system in the regulator. The high 
Capacity positive diode assembly functions as 
the charging system cut-out. The alternator is 
so designed that it is self-current limiting. 
When the maximum current output is reached, 
it cannot be increased with a further increase in 
rotor speed. 


PART 3—ELECTRICAL SYSTEMS 


Figure 10 
Alternator Charging Circuit 


5 
6 
7 
8 
9 


. To Starter Motor 

. To Load 

. Solenoid 

. Battery 

. Regulator 

. Rotor Field Winding 


PWN-wWD 


ALTERNATOR OPERATION 
With reference to Figure 10. 


When the key start switch is turned on a small 
current flows from the battery through the 
rotor field winding. The circuit is made via the 
charge indicator warning light, the alternator 
regulator terminal, the alternator regulator, the 
alternator field terminal, the rotor field winding 
and ground. 


At this stage the warning light is illuminated 
and the rotor partially magnetised. 


When the engine is started and the partially 
magnetised rotor revolves within the stator 
windings a 3-phase alternating current is 
generated. 


A constant portion of the generated current is 
converted to direct current by the three field 
diodes incorporated in the rectifier pack. 


. Frame 

. Stator Output Windings 
. Rectifier Pack 

. Charge Indicator Light 

. Key Start Switch 


This direct current is fed back from the alter- 
nator “REGULATOR” terminal to the 
regulator to supplement the current already 
flowing through the rotor field winding. This 
action results in an ever-increasing magnetic 
influence of the rotor along with an associated 
rapid rise in generated Output current and 
voltage. 


During the rise in generated output voltage, 
reflected at the alternator ‘““REGULATOR” 
terminal, the brilliance of the warning light is 
reduced and when the voltage at the ‘‘REGU- 
LATOR” terminal equates to that at the battery 
side of the warning light, the lamp is extin- 
guished. 


The voltage continues to rise until the pre- 
determined regulated voltage level is reached. 


In the event of drive belt breakage the voltage 
will not build up within the alternator and so 
the charge indicator light will remain on to 
indicate failure. 
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B. CHARGING SYSTEM — SERVICE PRECAUTIONS, PRELIMINARY CHECKS, 
INITIAL TESTS AND ALTERNATOR COMPONENT TESTS 


SERVICE PRECAUTIONS 


To avoid damage to the components of the 
alternator charging system, service pre- 
cautions must be observed as follows: 


e NEVER make or break any of the charging 
circuit connections, including the battery, 
when the engine Is running. 


e NEVER short any of the charging com- 
ponents to ground. 


e ALWAYS disconnect the battery ground 
cable when installing or removing the 
alternator. 


e ALWAYS disconnect the battery ground 
cable when charging the battery in the 
tractor using a battery charger. 


e ALWAYS observe correct polarity when 
installing the battery or using a slave 
battery to start the engine. 


CONNECT POSITIVE TO POSITIVE 
AND NEGATIVE TO NEGATIVE 


PRELIMINARY CHECKS 
Prior to electrical testing, thoroughly inspect 


the charging and electrical system. 


Check all leads and connections for continuity 
and tightness. 
1. Check the Battery 


With an hydrometer, check the battery is at 
least 70% charged and in good condition. 


13 - 19mm 
| (0.50 - 0.75in) 


Figure 11 
Drive Belt Deflection 


2. Check the Drive Belt 


Ensure the alternator drive belt and pulley 
are in satisfactory condition. Allow 
0.5—0.75 in (13— 19 mm) deflection when 
moderate finger pressure is applied to the 
longest run of the belt, Figure 11. 


3. Check the Alternator Brushes and Slip 
Rings 


Check the alternator brushes for wear and 
inspect the slip rings for contamination as 
detailed later in this Chapter. 
INITIAL TESTS 
The initial tests may be performed without 
removing any of the’ charging circuit 
components from the tractor and enable the 
following items to be checked: 
e Alternator Field Windings 
e Voltage Regulator 


e Alternator 
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Figure 12 
Battery Voltage Test 


1. Alternator 
2. Voltmeter (O—20 Volts) 


Test equipment required: 


Voltmeter, with O—20 volt scale. 


Ammeter with O— 100 and O—10 ampere 
scales. 


Field Rheostat, wire-wound, 0—50 ohm, 
100-watt rating, with alligator clips on 


connecting leads. 


Series Resistor, 0.25 ohm, with connect- 
ing clip or leads. 


Carbon Pile (Sun BST — 11 or equivalent). 


Volt-Ohm-Milliammeter (Simpson 260 or. 


equal). 


12 volt Test Lamp, and 15 watt 110—115 
volt A.C. Test Lamp. 


Diode Tester, any commercial type 
(optional). 


Assortment of jumper cables with alligator 
clips. 


Figure 13 
Alternator Field Circuit 
. Alternator 
Brush Set 
. Slip Rings 
Rotor Winding 
Negative Output 
Battery 
Key Start Switch 
. Excitation Resistor 
. Regulator 
. Field Terminal (Alternator) 
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NOTE: Most commercial test equipment 
incorporates several testing devices within a 
single unit. Use such equipment according to 
the manufacturer's instructions. 


1. Battery Voltage Test 


With reference to Figure 12. 


1. Ensure the key start switch is in the “OFF” 
position and the engine stopped. 


2. Connect the voltmeter negative lead to the 
“GROUND” terminal and the positive lead 
to the “OUTPUT” terminal of the 
alternator. Battery voltage should be 
registered. If the battery voltage is not 
registered a continuity fault in the external 
circuitry must be traced and rectified. 
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Figure 14 
Excitation Voltage (Rotor Field) Test 


1. Alternator 
2. Voltmeter (O—20 Volts) 


2. Excitation Voltage Test 


NOTE: The result of this test will indicate if 
battery voltage and current, controlled by the 
key start switch, are passing through the 
voltage regulator and into the rotor (field) 
winding to provide initial excitation of the 
alternator. The circuit involved is shown in 
Figure 13. 


With reference to Figure 14. 


1. Ensure the key start switch is in the “OFF” 
position and the engine stopped. 


2. Connect the voltmeter negative lead to the 
“GROUND” terminal and the positive lead 
to the ‘““REGULATOR” terminal of the 
alternator. | 


3. Turn the key start switch on but do not 
start the engine. The voltmeter should 
register approximately 1.5 volts. 


Figure 15 


Excitation Voltage (Rotor Field) Test with 
Jumper Cable Installed 


1. Alternator 
2. Voltmeter (O—20 Volts) 
3. Jumper Cable 


If the voltmeter reading is below 1.5 volts a 
high resistance fault is indicated in the 
connections between the key start switch 
and the excitation lead of the regulator. 


lf the voltmeter reading exceeds 1.5 volts, 
a fault is indicated in the regulator or the 
rotor (field) winding. By-pass the regulator 
with a jumper cable to isolate the fault, as 
shown in Figure 15. 


4. Connect the jumper cable between the 
alternator ‘‘REGULATOR” and “FIELD” 
terminals. If the voltmeter registers 1.5 
volts, the regulator must be replaced as 
detailed in this Chapter and the test 
repeated. 


If the voltmeter reading still exceeds 1.5 
volts, check the brushes, brush holder and 
slip rings for grounding or short circuit. 
Then check the current draw of the rotor 
(field) winding, according to the ‘Field 
(Rotor) Circuit Test’, the ‘Rotor Coil 
Current Draw’ and ‘Rotor Coil (Field) 
Ground Tests’ detailed in this Chapter. 


Figure 16 
Field Current Test 


1. Alternator 
2. Ammeter (0O—6 Amperes) 
3. Field Rheostat 


3. Field (Rotor) Circuit Test 
With reference to Figure 16. 


1. Ensure the key start switch is in the “OFF” 
position and the engine stopped. 


Disconnect the lead from the alternator 
“FIELD” terminal. 


Switch the test ammeter to the low current 
scale (0O—10 amperes) and set the field 
rheostat in the maximum _ resistance 
position. 


Connect the field rheostat and the am- 
meter in series between the alternator 
“OUTPUT” and “FIELD” terminals. 


Slowly reduce the field rheostat resistance 
and note the ammeter reading. If the entire 
field rheostat resistance can be eliminated 
with the ammeter indicating less than 3.5 
amperes, the field winding is not shorted or 
grounded. 
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Figure 17 
Voltage Regulator Operating Voltage Test 


1. Alternator 
2. Voltmeter (O—20 Volts) 
3. 0.25 Ohm Resistor 


The ammeter reading with the field rheo- 
stat resistance eliminated is the current 
draw of the rotor (field) circuit. Generally, 
this current is approximately 2—2.5 am- 
peres at battery voltage. 


If the ammeter tends to vary when the rotor 
is slightly turned, the slip rings and brushes 
require cleaning as detailed later in this 
Chapter. 


If normal rotor current cannot be obtained, 
the alternator will require disassembly and 
replacement of defective parts. 


Voltage Regulator Operating Voltage Test 


With reference to Figure 17. 


NOTE: Voltage tests are most accurate when 
the alternator is charging a fully charged 
battery as current output Is then ata minimum 
and the charging voltage will rise to the 
regulators limiting maximum. Therefore, for a 
battery which is less than fully charged, a 0.25 
ohm 25 watt resistor should be placed in series 
with the alternator output lead to reduce the 
current to 8— 10 amperes. 
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Ensure the key start switch is in the “OFF” 
position and the engine stopped. 


Connect the voltmeter negative lead to 
ground and the positive lead to the 
alternator ‘“OUTPUT” terminal. 


Start the engine and run for a few minutes 
to stabilise component temperature. 


The voltmeter reading indicates the level 
established by the voltage regulator, 
usually 13.9— 14.7 volts, depending on the 
regulator ambient temperature. 


Compare the indicated voltage with the 
specified value, see ‘Specifications’ — 
Chapter 7. 


If the voltmeter reading exceeds the speci- 
fication, check the regulator ground lead 
connection at the alternator ‘‘“GROUND” 
terminal. 


If the ground connection is not faulty, the 
alternator regulator must be replaced as 
described in this Chapter. 


Stop the engine, turn the key start switch 
to the “OFF” position and remove the 0.25 
ohm resistor. 


Alternator Output and System Test 


With reference to Figure 18. 


1. 


Ensure the key start switch is in the “OFF” 
position and the engine stopped. 


Connect the carbon pile to the battery 
terminals. 


Connect the voltmeter negative lead to the 
alternator ‘“GROUND” terminal and the 
positive lead to the “OUTPUT” terminal. 
Connect the ammeter positive lead to the 
“OUTPUT” terminal and negative lead to 
the battery positive terminal. 


ORWN — 
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Figure 18 
Alternator Output and System Test 
. Ammeter (0O—60 Amperes) 
. Voltmeter (O—20 Volts) 
. Battery 
. Carbon Pile 
. Alternator 


Start the engine and run at approximately 
1000 rev/min. for five minutes to stabilise 
component temperature. 


If the ammeter indicates less than 20 
amperes charge, slowly load the battery 
with the carbon pile until a 20 amperes 
reading is obtained. Observe the voltmeter 
reading. 


Move the voltmeter positive lead to the 
battery positive post and note the volt- 
meter reading. 


The voltmeter readings should be within 
0.3 volts of each other to indicate an 
acceptable voltage loss. 


If the differential exceeds 0.3 volts, inspect 
the circuit between the alternator and the 
battery for faulty connections. 
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Re-connect the voltmeter positive lead to 
the alternator “OUTPUT” terminal and 
increase the engine speed to 1600 rev/min. 
Increase the carbon pile load until the 
ammeter indicates a maximum output. 


The voltmeter should register 13— 15 volts 
and the ammeter a minimum of 67 
amperes. 


If the required alternator Output cannot be 
achieved, one or more of the rectifying diodes 
or the stator windings may be defective. 
Disassemble and repair the alternator as 
detailed in the following Overhaul section. 


IMPORTANT: Do not disconnect the 
ammeter positive lead while the engine is 
running as the alternator may be damaged. 


C. CHARGING SYSTEM — OVERHAUL 


REMOVAL 


Alternator Removal 


1. 


NOORWNH— 


Disconnect the battery ground cable 
(negative) from the battery. 


Figure 19 
Alternator 


. Field Lead— Red/ Yellow 
. Attaching Bolt 


Alternator Belt 
Ground Lead— Black 


. Attaching Bolt 
. Output Lead— Red 
. Regulator Lead— Blue/Red 
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2. Disconnect all wires from the alternator, 
Figure 19. 


3. Withdraw the attaching bolts and remove 
_ the alternator and pulley guard (where 
fitted) from the tractor. 


Voltage Regulator Removal 


1. Disconnect the battery ground cable 
(negative) from the battery. 


2. Disconnect the wiring harness from the 
voltage regulator mounted beneath the 
right hand cab step bracket. 


3. Remove the attaching screws and 
withdraw the regulator, Figure 20. 
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Figure 20 
Alternator Regulator Location — 
Viewed from Beneath Tractor 


Regulator Wire Clip 
Regulator 

Battery Box 

Right Hand Step 
Harness Clip 
Connector 


DISASSEMBLY 


Brush Removal 


Remove the two brush cover retaining 
screws. Gently pull the cover away from 
the alternator just far enough to gain 
access to the field terminal-to-brush 
assembly wire, Figure 21, and disconnect 
the wire from the brush assembly terminal. 


Remove the two brush assembly retaining 
screws, and remove the assembly from the 
alternator. 


Rear Housing Removal 


1. 


Use a scriber to scribe a line across the - 


front housing, Figure 22, the stator and the 
rear housing to aid reassembly. 


Remove the four through bolts and square 
nuts holding the housings together. 


CHAPTER 4 
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Figure 21 
Alternator Brush Removal 
Retaining Screws 
Brush Assembly 
Gasket 
Cover 
Field Terminal-to-Brush Assembly Wire 
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Figure 22 
Preparing for Disassembly 
1. Rear Housing 
2. Alternator Through Bolts 
3. Stator Assembly 
4. Front Housing 
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Figure 23 
Separating Stator from Front Housing 


1. Stator 
2. Front Housing 


3. Insert two small screwdrivers in the stator 
slots between the stator, Figure 23, and 


the front housing. 


IMPORTANT: Do not insert the screwdriver 
blades deeper than Y,, in (1.59 mm], to avoid 
damaging the stator winding. 


4. Apply pressure at several points around 
the stator to extract the rotor and front 
housing as an assembly. Do not burr the 
stator core, which may make reassembly 
difficult. 


Separating Stator from Rear Housing 


1. Place the stator and rear housing assembly 
on aclean smooth working surface, free of 
metal chips that could damage the 
windings. 


Figure 24 
Pulley Removal 
1. Oversize Belt 


2. Remove the remaining locknuts and 
insulating washers from the rectifying 
diode terminal studs. Carefully slip the 
diode plate studs from the rear housing. 
Do not exert unnecessary pressure on the 
stator leads. 


Pulley Fan and Spacer 


1. Remove the shaft nut, lockwasher and 
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pulley from the rotor shaft by clamping the 
pulley in a vice and using an old oversize 
belt to protect, Figure 24. 


Remove the fan, rotor shaft key and 
spacer. 
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Figure 25 Figure 26 
Rotor Shaft Key Removal Releasing Front Bearing Retainer 
1. Rotor Shaft Key 1. Front Bearing Retainer 


2. Spacer 


NOTE: /f the key is seized in the shaft groove, 
replace the nut on the shaft and use a 
screwdriver to lever the key from the s/ot as 
shown in Figure 25. 


Separating the Rotor from the Front 
Housing 


1. Use long nose pliers to compress the ears 
of the front bearing retaining ring, Figure 
26. Lift the retainer free of the recess. After 
the rotor and front housing are separated 
the retainer can be removed from the shaft. 


2. Separate the housing and rotor from the 
bearing by tapping the assembly on a block 
of wood, Figure 27. If this method fails, use 


special pullers but avoid damaging the Figure 27 
housing. . Separating Front Housing from Rotor 
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Figure 28 

Brushgear Insulation and Continuity Test Points 
. Field Terminal 

. Insulated Brush 

Grounded Brush 

. Bracket 


INSPECTION AND REPAIR 


Brushgear Inspection 


1. 


Inspect the brushes for wear. If worn to 
less than the specified length, install new 
brushes, see ‘Specifications’ — Chapter 7. 


Check for contamination and clean the 
complete assembly in cleaning solvent. 
Blow dry with compressed air. 


Check the brush spring pressure with a 
push-type spring gauge and record the 
spring pressure when the brush end is flush 
with the moulding. Install new brushes and 
springs if the pressure exceeds the 
specified limits, see ‘Specifications’ — 
Chapter 7. 


Check the insulation and continuity with a 
12 volt test lamp or ohmmeter (single 
terminal assembly) connected as follows: 


With reference to Figure 28. 


Figure 29 
Rear Bearing O-Ring Installed 
1. O-Ring 


e Insulation Test 


Connect between the field terminal and the 
bracket. 


No circuit indicates a correct assembly 
with no short circuit. 


e Continuity test 
Connect between the field terminal and the 
insulated brush then between the bracket 
and the grounded brush. 


A continuous circuit indicates a correct 
assembly with no open circuit. 


NOTE: /n both of these tests, the resistance 
should not vary when the brush or connecting 
lead wire is moved around. 


Rear Housing Inspection 


1. Check the rear housing for cracks around 
the drilled openings. 
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Figure 30 Figure 31 


Soldering and Unsoldering Diode Connections Rectifying Diode Test 
Using Pliers as a Heat Guard 1. Diode Connecting Pin 
1. Soldering Iron 2. Heat Sink 
2. Place Pliers between Diode and Solder Point 3. Test Lamp 
4 


. 12 Volt Battery 


2. If the rear bearing bore has been scuffed, 4. Reverse the test lead connections. 


from the bearing turning in the casting, the The lamp should light during one half of 


housing must be replaced with a new this test only. All diodes in the same heat 
housing. sink must test alike. If any one diode is 

defective renew the complete assembly. 
3. Clean the housing in solvent if it is to be re- 


used and blow dry with compressed air. 


4. Install anew bearing retainer O-ring, figure 
29, in the bore recess. 


Rectifier Diodes 


1. Note the arrangement of the stator 
winding connections to the rectifier diode 
connecting pins. Using long nosed pliers 
as a heat guard and a lightweight soldering 
iron (25 watt), unsolder the connections to 
the diodes, as shown in Figure 30. 


2. Test each of the rectifying diodes with a 
commercial diode tester or by connecting a 
12 volt battery and test lamp in series with 
one of the diodes, Figure 31. 


NOTE: One test /ead is applied to the diode Figure 32 
connecting pin and the other to the heat sink Diode Testing 
into which the diode is mounted. Figure 32. 1. Do Not Use Studs 

2. Heat Sink 
3. Note if the lamp lights. 3. Diode Connecting Pins 
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Figure 33 
Stator Assembly 


1. Slots 

2. Winding Ends 
3. Steel Plates 
4. Windings .- 


Stator 


1. The alternator stator assembly, Figure 33, 
consists of three individual windings 
wound on a common core or lamination. 
The lamination is epoxy coated to provide 
durable insulation. 


NOTE: Discolouration of the enamel on the 
windings is evidence of overheating and a 
shorted condition. 


2. The alternators feature a ‘Delta’ wound 
stator, Figure 34, and the ends of the three 
windings form three junctions of two 
conductors each. 


Unsolder the diode connecting leads from 
the stator junctions, Figure 35. Separate 
the leads as shown in Figure 36. 
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Figure 34 
Delta Type Winding 
1. Stator Junction 
2. Stator Junction 
3. Stator Junction 


4. Use an ohmmeter or 12 volt test lamp to 
test each of the circuits A, B and C for 
faults. 


NOTE: 7he resistance of each winding is very 
low, being approximately 0. 7 ohm. Therefore, 
the ohmmeter test will indicate continuity, 
open circuit or ground without due reference 
to actual value or resistance. The 12 volt test 
lamp will also indicate continuity, open circuit 
or ground. 


5. Re-assemble the stator and diodes using 
only resin core solder to ensure good 
electrical connections. Route the leads in 
their original position for ease of assembly. 


IMPORTANT: Use a heat shield to protect the 
diodes when re-soldering them to the stator. 


Figure 35 
Stator Connecting Lead Junctions 


1. Diode Connecting Leads 
2. Stator 
3. Stator Junctions 


Fan, Pulley and Spacer 


1. Inspect the fan for cracked or broken fins 
and note the condition of the mounting 
hole. If the hole is worn from running 
loose, install a new fan. 


2. Inspect the pulley for possible wear on the 
drive surfaces and check the condition of 
the bore and keyway. 


3. Examine the spacer for cracks. Install a 
new spacer if cracks are evident. 


CHAPTER 4 
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Figure 36 
Stator Connecting Leads Separated for Test 
Purposes 
1. Circuit A 
2. Circuit B 
3. Circuit C 


Rotor and Front Housing 


1. Inspect the front bearing cavity for 
evidence of wear. Note the condition of the 
retainer recess and replace the housing if 
necessary. If the original housing is to be 
re-used, clean with solvent then dry with 


compressed air. 


2. Examine both the rotor and stator poles for 
signs of rubbing indicating worn bearings. 


3. If there is no visible evidence of worn 
bearings, check whether the bearings 
allow side movement of the rotor shaft, if 


so the bearings must be renewed. 


NOTE: When fully reconditioning an 
alternator the bearings should be renewed 
irrespective of apparent condition. The 
bearings are fully sealed and cannot be 


serviced. 
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Figure 37 
Front Bearing Removal 


1. Step Plate, Tool No. 630-1 or 9210 

2. Front Bearing 

3. Pulling Attachment, Tool No. 951 or 9190 
4. Puller, Tool No. 1001 or 9196 


Bearing Removal and Installation 


1. Use Tool Nos. 951 and 1001 or 9190 and 
9196 to pull the front bearing from the rotor 
shaft as shown in Figure 37. 


Figure 38 
Front Bearing Installation 


1. Front Housing 3. Front Bearing 
2. 1% in (29 mm) Socket 4. Mallet 
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Figure 39 
Front Bearing Retainer Installed 


1. Front Bearing 
2. Retainer 
3. Front Housing 


Remove the front bearing retainer from the 
shaft, inspect for distortion and replace if 
necessary. 


Clean the front bearing cavity and remove 
any burrs or sharp edges. 


Press or tap the front bearing into the 
housing using a 1% in (29 mm) socket or a 
driver tool that exerts pressure on the outer 
race only, Figure 38. 


Replace the front bearing retainer in the 
recess, Figure 39. Ensure the retainer 
securely locks into the recess and the ears 
align with the opening in the housing. 
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Figure 40 
Rear Bearing Removal 


Puller, Tool No. 1001 or 9196 

Rear Bearing 

Pulling Attachment, Tool No. 951 or 9190 
7%, in (5mm) Socket 


Use Tool Nos. 951 and 1001 or 9190 and 
9196 and a 74, in (5 mm) socket to pull the 
rear bearing from the rotor as shown in 
Figure 40. 


Inspect the bearings for adequate 
lubrication. 


Support the front of the rotor shaft in a 
press. Use a 7%, in (12 mm) socket, or 
suitable sleeve that exerts pressure on the 
inner race only, to press the rear bearing 
over the rotor, Figure 41. 


Support the base (rear bearing area) of the 
rotor in a press then place the front 
housing and bearing assembly over the 
shaft. 


Use an 'Y, in (18 mm) deep socket, or 
suitable sleeve contacting the inner 
bearing race only, to press the front 
housing and bearing over the rotor shaft 
until the bearing contacts the shoulder on 
the shaft, Figure 42. 


Figure 41 
Rear Bearing Installation 
1. %, in (12 mm) Socket 
2. Rotor 
3. Rear Bearing 
4. Press 


Figure 42 
Pressing Front Housing (With Bearing Installed) 
over Rotor Shaft 


%4, in (18 mm) Deep Socket 
Front Housing and Bearing 
Rotor 

Press 
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Figure 43 
Rotor Test Points 


1. Test AandB 
2. Tests C and D 
3. Wear Points 


ROTOR ELECTRICAL TESTS 


Check the rotor assembly, Figure 43, for 
electrical performance as follows: 


Test A—Rotor Coil Current Draw 


With reference to Figure 44. 


1. 


Connect a field rheostat in series with an 
ammeter and the battry positive terminal. 


Connect the black (negative) lead from the 
ammeter to one of the two rotor slip rings. 


Connect a voltmeter between the slip rings 
with the positive lead attached to the same 
slip ring as the ammeter negative lead. 


Figure 44 
Rotor Coil Current Draw Test 
1. Voltmeter 4. Field Rheostat 
2. Ammeter 5. Slip Rings 


3. 12 Volt battery 


3. Set the field rheostat to the maximum 
resistance position and attach a jumper 
cable from the battery negative terminal to 
the other slip ring. 


4. Adjust the field rheostat until the voltmeter 
registers 10 volts. 


5. The ammeter should read 1.8 to 2.4 amps 
at 70° —80°F (21°—27°C). 
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Test B— Rotor Coil Resistance 


1. Use an ohmmeter to check the resistance 
of the rotor coil winding by connecting the 
leads to the two slip rings. The resistance 
registered should be 5.0—7.0 ohmns. 


If the resistance is less than 5.0 ohms, a 
short circuit in the rotor coil is indicated. 


If the resistance is greater than 7.0 ohms, a 
broken winding or defective slip ring 
connection is indicated and the rotor 
assembly should be replaced. 


Test C— Rotor Slip Ring Ground Test 


1. Using a 12 volt test light, touch one test 
probe to the rotor shaft and the other 
probe to each slip ring in turn. If the light is 
illuminated when either of the slip rings are 
contcted, a grounded slip ring is indicated 
and the rotor assembly should be replaced. 


Clean the brush contacting surface of the 
slip rings with a pertol-moistened cloth. 


If the slip rings are burnt and require re- 
finishing, use very fine glass paper (not 
emery cloth) and wipe clean. 


NOTE: Ensure the re-finishing glass paper is 
sufficiently fine to produce a highly polished 
slip ring surface otherwise brush wear will 
occur. 


Check for a worn key slot, bearing 
surfaces, stripped threads and scuff marks 
on the pole fingers. Replace the rotor if any 
of the above faults are observed. 
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Figure 45 
Rotor Coil (Field) Ground Test 
. Rotor Shaft 
. Slip Rings 


fWhH— 


. 110 Volt A.C. Supply 
. 110 Volt 15 Watt Test Lamp 


Test D— Rotor Coil (Field) Ground Test 


Defective coil or lead wire insultaion allowing 
the wire to contact any metal parts of the rotor 
will ground the rotor (field) coil Damage to the 
regulator can result and the alternator will fail 
to reach the rated output. By using a relatively 
high voltage for this check, slight leakage can 
be detected before actual failure occurs. 


WARNING: Avoid touching the bare test 
probes, as a severe electrical shock will result. 


With reference to Figure 45. 


1. Connecta 110 volt A.C. supply operated 15 
watt test lamp between each of the slip 
rings in turn and the rotor poles and shaft. 


The test lamp should not light. 


Replace the rotor assembly if the slightest 
glow is detected in the test lamp. 


Figure 46 
Diode Insulators — Internal 


1. Not Insulated 

2. Positive Diode Assembly 

3. Insulating Sleeves and Washers 
4. Negative Diode Assembly 


PONS 


Figure 47 
Diode Insulators — External 
Negative Diode Assembly 
Not Insulated 
Insulating Washers 
Positive Diode Assembly 
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Figure 48 
Alternator Bench Check (Less Regulator) 


1. Ammeter 
2. Voltmeter 
3. 12 Volt Battery 
4. Field Rheostat 


RE-ASSEMBLY 


Re-assembly of the alternator follows the dis- 
assembly procedure in’ reverse. On _ re- 
assembly observe the following requirements. 


Ensure the internal insulating sleeves and 
washers are correctly positioned over the 
rectifying diode studs, as shown in Figure 
46. 


After inserting the diode studs through the 
openings in the rear housing, position the 
external insulating washers as shown in 
Figure 47. Install the locknuts and tighten 
securely. 


After re-assembly conduct the ‘Alternator 
Bench Check’ as follows, with reference to 
Figure 48. 


ALTERNATOR BENCH CHECK 


Mount the alternator in a test fixture 
capable of providing 3000 — 4000 alternator 
rev/min. 


Set the drive motor direction of rotation as 
required by the alternator fan to ensure 
proper cooling. 


Connect the test circuit as shown in Figure 
48. 


Switch the ammeter to show possible 
discharge during connection. Reverse the 


TO Ne 


8. Continue to reduce the rheostat resistance 


until the alternator reaches the rated 
output, see ‘Specifications’ — Chapter 7. 
DO NOT operate the alternator for more 
than a few minutes in this manner due to 
lack of voltage control. 


If the alternator delivers the rated current 
output, terminate the test. 


If the rated output cannot be obtained, 
then the rotor, stator or diodes are faulty. 


meter for the output test. INSTALLATION 


5. Set the field rheostat to the maximum Installation of the alternator is the removal 


resistance before connection into the procedure in reverse. On installation observe 
system. the following requirements: 
6. Start the drive motor and adjust to obtain e Ensure the battery ground cable is dis- 


3000 — 4000 alternator rev/min. 


Reduce the resistance of the field rheostat. 
The alternator should now commence to 
charge. 
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connected from the battery when installing 
the alternator. 


Adjust the alternator drive belt tension as 
previously described in this Chapter. 
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Chapter 5 
TROUBLE SHOOTING, SPECIFICATIONS, 
SPECIAL TOOLS AND WIRING DIAGRAMS 


Section Page 
A. TROUBLE SHOOTING 1 
B. SPECIFICATIONS 7 
C. SPECIAL TOOLS 13 
D WIRING DIAGRAMS 13 


A. TROUBLE SHOOTING 


IMPORTANT: Whenever effecting a repair the reason for the cause of the problem must be 
investigated and corrected to avoid repeat failures. 


The following table lists problems and the possible causes with the recommended remedial action. 


LIGHTING SYSTEM 


PROBLEM POSSIBLE CAUSES REMEDY 


Several or all . Battery discharged . Check battery and charge 
lights do not or renew 
illuminate . Loose or defective battery . Inspect, clean and tighten 
cable connections connections 
Loose harness connectors . Check and ensure connectors 
securely engaged 
Fuse(s) burned out . Inspect and renew, check circuit 
before re-connecting power 
Faulty wiring . Check lighting circuit wiring and 
repair or renew 
Defective light switch . Check and renew 
Several light bulbs burned out . Check and renew voltage 
due to defective voltage regulator 
regulation 
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PROBLEM POSSIBLE CAUSES REMEDY 
1 


Individual Burned out bulb Check and renew 
lights do not 
illuminate 


Defective or corroded bulb 2. Inspect, clean or renew 


contacts 


3. Inspect and renew, check circui 
before re-connecting power 


Fuse burned out 


4. Inspect, secure, repair or renew 
wiring 


Loose or broken wires 


5. Inspect, clean and tighten 
ground connections 


Poor ground connection 


Lights burn 
out repeatedly 


Inspect, secure, repair or renew 
wiring 


1. Loose or corroded wiring 
connections 


2. Loose bulb or lamp mounting Inspect, tighten or renew 


bracket 


Check and renew voltage 
regulator 


Faulty voltage regulator 


Plough lamps 
inoperative 


Side lights switch not turned Ensure side lights are illuminated 


on 


2. See ‘Individual lights do not 
illuminate’ 


2. See ‘Individual lights do not 
illuminate’ 


Flasher lamps Fuse blown 
do not 


illuminate 


1. Inspect and renew, check circuit 
before re-connecting power 


2. Check and renew 
NOTE: Flasher unit may be 
bypassed by inter-connecting 
terminals 49 and 49A. This 
enables circuit continuity to be 
checked 


Check and renew 


2. Flasher unit inoperative 


Flasher switch inoperative 


Defective wiring or connections Inspect circuit, clean and tighten 


connections or renew wiring 


Individual Burned out bulb Check and renew 
Plasneriamp Corroded or loose bulb contacts Inspect, clean, tighten or renew 
does not 


Poor ground connection or 
damaged wiring 


Inspect, clean and tighten 
connection, repair or renew 
wiring 


illuminate 


Turn indicator Faulty bulb(s) Check and renew 
pilot bulb(s) 


inoperative 


Defective flasher unit Check and renew 


Inspect, clean and tighten 
connections or renew wiring 


Faulty wiring or connections 


4. Inspect, clean and tighten 
contacts and ground 
connections 


4. Main flasher lamp bulb contacts 
or ground connection corroded 
(failing to draw full current) 
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INSTRUMENTATION 


PROBLEM POSSIBLE CAUSES | REMEDY 


Warning lights | 1. Faulty key start switch 1. Inspect and renew 
and gauges 
inoperative 


2. Inspect and renew, check circuit 
before re-connecting power 


2. Fuse(s) burned out 


Defective cab load relay Check and renew 


Inspect circuit, tighten 
connectors or renew wiring 


Loose or broken wiring 


Inspect circuit, tighten 
connections or renew wiring 


Gauge(s) Loose or broken wiring 
erratic or 


inoperative 


Defective gauge(s) Inspect and renew 


Defective sender Check and renew 


Defective fuel tank change-over Check and renew 


switch 


Flat deck 1. Check circuit continuity 
gauges read 
maximum all 
the time 
(when 


switched on) 


1. Sender line open circuit 


1. Inspect circuit, tighten 
connections or renew wiring 


Oil pressure or Loose or broken wiring 
air cleaner 
restriction 
indicator 
switch light 


inoperative 


Burned out bulb Check and renew 


Defective sender unit Inspect and renew 


Defective diode Check and renew 


ee oS 


Inspect and renew, check circuit 
before re-connecting power 


Windscreen Fuse burned out 
wiper or 
heater blower 
motor 


inoperative 


2. Inspect circuit, tighten 
connections or renew wiring 


Loose or broken wires or 
connections 


Defective switch Check and renew 


Defective motor Check and renew 


1. Check switch and wiring for 
continuity and renew 


Windscreen 1. Defective switch or wiring 
wiper fails to 
asume park 
position when 


turned off 


Defective motor 2. Check and renew 


Windscreen Fill to correct level 
washer 


inoperative 


Reservoir empty 


2. Jet feed tube blocked or 
dislodged 


Defective switch or wiring 


2. Inspect, clean, secure and 
tighten connections or renew 


3. Check circuit continuity and 
renew 
Check and renew 


Defective motor 
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STARTING SYSTEM 


PROBLEM POSSIBLE CAUSES REMEDY 


Engine will not Battery discharged 1. Check battery and charge or 


crank and renew 

starting motor | 2. Key start switch, safety start 2. Check circuity and repair or 
relay or switch, relay or solenoid renew faulty components 
solenoid does inoperative 

not engage 3. Starting circuit open or high 3. Check circuit connections and 


resistance repair or renew faulty wiring 


Engine will not engine seized Check engine crankshaft free to 


crank but turn 

starting motor battery discharged 2. Check battery and chrge or 
relay or renew 

solenoid 3. Defective starting motor 3. Check, clean and tighten 
engages connections or loose battery connections 


connections 

Stating motor faulty 
Relay or solenoid contacts 
burned 


Inspect, repair or renew 
Renew relay or solenoid 


o> 
edits 


Starting motor 
turns but does 
not crank 

engine 


Defective starting motor drive Inspect and repair or renew 
assembly 

2. Defective solenoid or pinion 

engagement levers 


Defective flywheel ring gear 


2. Inspect and repair or renew 


Inspect and renew 


Engine cranks 
slowly 


1. Check battery and charge or 
renew 

2. Check circuit connections and 
repair or renew faulty wiring 

3. Inspect and repair or renew 

4. Investigate cause and effect 

repair 


Discharged battery 


2. Excessive resistance in starting 
circuit 

3. Defective starting motor 

Tight engine 


CHARGING SYSTEM 


PROBLEM POSSIBLE CAUSES REMEDY 


Battery low in . Loose or worn alternator drive 1. Check an adjust tension or 
charge or belt renew 
discharged . Defective battery, will not 2. Check condition of battery and 
accept or hold charge renew 
Electrolyte level low Check, fill and charge 
Excessive resistance due to 3. Check, clean and tighten 
loose charging system circuit connections 
connections 
Defective battery temperature 4. Check and renew 
sensor (where fitted) 
Defective voltage regulator 5. Check and renew 
Defective alternator 6. See alternator trouble shooting 
guide 
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CHARGING SYSTEM (CONT.) 


PROBLEM 


Alternator 
charging at 
high rate 
(battery 
overheating) 


No output 
from 
alternator 


Intermittent or 
low alternator 
output 


ALTERNATOR 
PROBLEM 


Defective battery 


Defective battery temperature 
sensor 

Defective voltage regulator 
Defective alternator 


Alternator drive belt broken 
Loose connection or broken 
cable in charging system 


Defective temperature sensor 
(where fitted) 

Defective voltage regulator 
Defective alternator 


Alternator drive belt slipping 


Loose connection or broken 
cable in charging system 


Defective temperature sensor 
(where fitted) 

Defective voltage regulator 
Defective alternator 


POSSIBLE CAUSES REMEDY 


Check condition of battery and 
renew 
Check and renew 


Check and renew 
See alternator trouble shooting 
guide 


Renew and tension correctly 
Inspect system, tighten 
connections and repair or renew 
faulty wiring 

Check and renew 


Check and renew 
See alternator trouble shooting 
guide, Page 6 


Check and adjust tension or 
renew 

Inspect system, tighten 
connections and repair or renew 
faulty wiring 

Check and renew 


Check and renew 
See alternator trouble shooting 
guide, Page 6 


POSSIBLE CAUSES REMEDY 


Faulty external charging circuit Inspect system, clean and 
connections tighten connections 
Faulty rotor slip rings or brushes Inspect and repair or renew 


Warning light 
dims and/or 
battery low 


Inspect system, clean and 
tighten connections 


Faulty external charging circuit 
connections 


Warning light 
goes out— 
becomes 
brighter with 
increased diodes 
speed 


Faulty rectifier or rectifying Check and renew 
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ALTERNATOR (CONT.) 


PROBLEM POSSIBLE CAUSES REMEDY 


Warning light 1. Defective voltage regulator 1. Check and renew 
normal but 2. Faulty battery temperature 2. Check and renew 
battery boiling sensor (where fitted) 


Check and renew 
Check and renew 
Check and renew 


Warning light 
normal but 
battery 
discharged 


Defective voltage regulator 
Faulty stator 

Faulty rectifier or rectifying 
diodes 


a> 
SS 


1. Check and adjust tension or 
renew 
2. Check and renew 


1. Loose or worn alternator drive 
belt 

2. Defective surge protection 
diode (where fitted) 

3. Defective isolation diodes 
(where fitted) 

4. Faulty battery temperature 
sensor (where fitted) 

5. Faulty rotor, slip rings or 
brushes 

6. Faulty voltage regulator 

7. Defective stator 

8. Defective rectifier or rectifying 

diodes 


Warning light 
illuminated 
continuously 
and/or flat 
battery 


3. Check and renew 


4. Check and renew 


5. Inspect, repair or renew 


6. Check and renew 
7. Inspect and renew 
8. Check and renew 


Check and renew 

2. Inspect and test ciruitry, repair 
or renew 

3. Check and renew 

4. Check, repair or renew 


Burned out bulb 
Alternator internal connections 


Warning light 
extinguished 
continuously 
and/or flat 
battery 


3. Defective voltage regulator 

4. Faulty rotor, slip rings or 
brushes 

Defective stator 


Check and renew 


Warning light 
flashes 
intermittently 


Faulty external charging circuit Inspect circuit, clean and tighten 
connections, repair or renew 
faulty wiring 

2. Inspect and test circuitry, repair 

or renew 


Alternator internal connections 


Warning light 
dims 
continuously 
and/or flat 
Battery 


Defective rotor, slip rings or Check, repair or renew 


brushes 


2. Defective voltage regulator 2. Check and renew 
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B. SPECIFICATIONS 


LIGHTING AND INSTRUMENTATION 


‘A’ PREFIX Voltage 
Headlamps 
Sealed Beam 12 
Non-Sealed Beam 12 
Side Lamps 
Rear Lamp 12 
Stop and Rear lamp 12 
Front Lamp | 12 
Flasher Lamps 12 
Licence Plate Lamps 12 
Plough Lamp 12 
Plough Lamp Warning Light 24 
‘C’ PREFIX 
Headlamps 
Sealed Beam 12 
Utility Lamps 12 
Side Lamps 
Rear Lamp 12 
Flasher Lamps 12 
INSTRUMENT PANEL LAMPS 
‘A’ PREFIX 
Warning Lamps 12 
‘C’ PREFIX 
Warning Lamps 12 


‘A’, OR ‘C’ PREFIX 


High Beam Warning Lamp 12 


Candle Power 


32 


Wattage 


40/40 
45/40 


40/40 


2.2 
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FUSES 
See ‘Wiring Diagrams’ — Section D 


HORN 
Voltage 
Current Draw 


OIL PRESSURE SWITCH 
Voltage 
Operating Pressure 


ENGINE COOLANT TEMPERATURE SENDER 


12 Volts 
5.2A Max. 


12 Volts 
8— 12 Ibf/in? (0.55—0.83 bar) 
(0.56—0.84 Kgf/cm?) 


IMPORTANT: The following values only apply when the unit is installed anc! operating under 


tractor circuit conditions. 


Voltage 
Resistance 


AIR CLEANER RESTRICTION SWITCH 


Voltage 
Operating Pressure 


GAUGES 


12 Volts 
400 Ohms at 100°F (38°C) 
30 Ohms at 250°F (121°C) 


12 Volts 
930—920 mbar below atmospheric pressure 


IMPORTANT: The following values only apply when the gauges are installed and operating under 


tractor circuit conditions. 


Fuel Gauge 
Voltage 
Resistance at High Calibration Mark 
at Centre Calibration Mark 
at Lower Calibration Mark 


WINDSCREEN WIPER MOTOR 
Voltage 
Current Draw at Low Speed 


Curent Draw at High Speed 


12 Volts 

55 Ohms 
113 Ohms 
1365 Ohms 


12 Volts 

2A Max. at a Torque of 5 Ibf /in (0.6 Nm) 
(0.06 Mkg) 

2.5A Max. at a Torque of 5 Ibf/in (0.6 Nm) 
(0.06 Mkg) 


Fe a a A cM GE 


WINDSCREEN WASHER MOTOR 


Voltage 
Current Draw 


FUEL SENDER— MAIN 


Voltage 
Resistance over Operating Range 


FUEL SENDER— AUXILIARY 


Voltage 
Resistance over Operating Range 


STARTING SYSTEM 


No-Load Current Draw (Maximum): 


At 12 Volts/5500— 8000 Starter rev/min 


Fully Charged Battery 


Current Draw (Starter Installed on Warm 


Engine): 


At 12 Volts/150—200 Starter rev/min 


Fully Charged Battery 


STARTING MOTOR 


Brush Length (Minimum) 

Brush Spring Tension with New Brush 
(Minimum) 

Commutator Diameter (Minimum) 
Armature Shaft End Play (Maximum) 
Armature Shaft Run-out (Maximum) 
Drive Pinion Clearance (Engaged) 


12 Volts 
3.5A Max. 


12 Volts 
0—90 Ohms 


12 Volts 
0—90 Ohms 


120A 
68°F (20°C) 


250 — 300A 
68°F (20°C) 


0.3 in (8 mm) 


42 oz (1200 g) 
1.5 in (38 mm) 
0.025 in (0.64 mm) 
0.005 in (0.13 mm) 


0.015—0.0025 in (0.38—0.64 mm) 
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CHARGING SYSTEM 
Battery 
Capacity (Ampere Hour at 20 hour Rate) 
Voltage 
Cells 
Plates per Cell 
Ground Terminal 


ALTERNATOR 
Ground Polarity 


Nominal Voltage 


Maximum Output (Hot) 160°F (71°C): 
Amperes at Maximum Engine Speed 6000 
Alternator rev/min and 14 volts 


Brush Spring Tension 
(Minimum) 


Rotor Field Winding Resistance 


New Brush Length 
Renew Brush When Worn to 


Voltage Regulator (With Alternator); 
Output Terminal Voltage at 10 Ampere 
Load Against Ambient Air Temperature 


Temperature in Degrees 


128 AH 
12 

6 

27 
Negative 


Negative 
12 


67A 


4 ozf (1.1.N) (113 g) 


6 Ohms 


0.5 in (12.7 mm) 
0.3 in (7.6 mm) 


oF 0° 20° 60° 80° 100° 120° 140° 160° 
(°C) (-18°) (-7°) (16°) (27°) (38°) (49°) (60°) (71°) 
Minimum Output 

Terminal Voltage 14.80 14.60 14.26 13:95 13.60 13.15 12.75 12.50 12.30 
(10A Load) 


Maximum Output 
Terminal Voltage 15.50 15.25 
(10A Load 


14.90 14.60 14.30 14.00 13.70 13.40 13.15 
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TORQUE SPECIFICATIONS 


‘A’ & 'C’ PREFIX 


Starting Motor Through Bolts 

Starting Motor-to-Rear Adaptor Plate Bolts 
Starting Motor Solenoid Terminal Nuts 
Starting Motor Solenoid Securing Nuts 
Starting Motor Drive Lever Eccentric Pivot Pin 
Locknut With Minimum of 4% Threads in Mesh 
Coolant Temperature Sender 

Air Cleaner Restriction Indicator Switch 

Oil Pressure Sender Switch 

Safety Start Switch Locknut 

Safety Start Switch Bracket Mounting Bolts 
Battery Terminals 

Key Start Switch Mounting Nut 

Light Switch Mounting Nut 


Front to Rear Main Harness Connector Securing 
Bolt 


Instrument Cluster Retaining Screws 

Worklight Switch Retaining Nut 

Mounting Nut 

Heater Blower Switch Retaining Nut 

Windshield Wiper/Washer Switch Retaining Nut 


Heater Blower Assembly Retaining Screw and 
Washers Assemblies 


Heater Blower Motor Bracket Mounting Nuts 


Windshield Wiper Motor and Linkage Assembly 
Mounting Bolts 


Windshield Wiper Motor Spindle Retaining Nut 
Fuel Tank Sender Retaining Nuts 

Thermostart Assembly 

Cab Implement Lamp Mounting Nut 

Cab Implement Lamp Mounting Lock Nut 


Alternator Rear Cover Fixing Screws 
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10.90 1.11 
41—50 4.2—5.1 
2.7—3.7 0.3—0.4 
6.1 0.6 


30—37 
2-3 
4.5 


15—17.5 20—23 2.1—2.4 
20—30 27— 41 2.8—4.2 
5—7 6.8—9.5 0.7—1.0 
20—25 27—34 2.8—3.5 
25—35 34— 47 4.0—4.8 
30—37 41—50 4.2—5.1 
4—6 5.4—8.1 0.8—0.8 
5.4—9.5 0.6—1.0 
5.4—9.5 0.6—1.0 


2.7—3.7 
8.1— 10.9 
3.7 
2.7 
2.7 
2.7 


0.3—0.4 
0.8—1.1 
0.4 
0.28 
0.28 
0.28 


2.0 
2./—3.7 


0.21 
0.3—0.4 


9.5—13 
9.5—7 
2.1—2.8 
3.6—4.2 
3.4 
3.4 


1—1.3 
0.6—0.7 
0.2—0.3 
0.37—0.43 
0.35 
0.35 
0.26—0.31 
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TORQUE SPECIFICATIONS (CONT.) 


‘C’ PREFIX 


Starting Motor Ground Cable Securing Nut or 
Bolt 

Alternator Regulator Attaching Screws 
Alternator Terminal Nuts 

Turn Signal Switch Retaining Nut 


5.4—8.1 
3.7—6.1 
5.4—6.8 
3.7 


0.6—0.8 
0.4—0.6 
0.6—0.7 
0.4 


6.8—13.6 0.7—1.4 
13.6—19.0 1.4—1.9 
13.6—20 1.4—2.1 
13.6—20 1.4—2.1 


Hazard Warning Light Mounting Nut 
Cab-Headlamp and Utility Lamp Mounting Nuts 
Cab Rear Lamp Mounting Nut 

Implement Lamp Mounting Nut 

Headlamp Retainer Securing Nut (Less Cab) 13.6—19.0 1.4—1.9 
Flasher Lamp Mounting Nuts 16—33 1.6—3.3 
Less Cab Rear Lamp Mounting Nut 2.7 0.28 


The following general nut and bolt installation torque requirements (lubricated) apply to any 
operation not previously listed. 


SIZE lbfft Nm Mkg 


METRIC BOLTS 
M4 2 2.7 0.28 
M5 40-45 50-—6.2 0.56—0.62 
M6 6—8 8.5—10.6 0.9—1.1 
M8 16—18.5 21—25 2.2—2.5 
M10 30—37 41—51 4.2—5.1 
M12 52—66 70—90 7.2—9.1 


INCH BOLTS 
6—32 1 1.4 0.14 


6—40 1 1.5 0.15 


8—32 

8—36 
10—24 
10—32 
% —20 
% —28 
he — 18 
Yea — 24 
% —16 
% —24 


12 


1.5—2.0 
1.5—2.0 
2—3 
2.5—3.5 
5—7.5 
6—8 
11—15 
12—16 
20—26 
21—29 


2.1—2.9 
2.1—3.1 
3.0—4.2 
3.3—4.8 


6.8—10.1 
7.8—11.6 


15—20 
17-21 
28—35 
29—39 


0.21—0.28 
0.21—0.28 
0.28—0.41 
0.35—0.48 
0.7—1.0 
0.8—1.1 
1.5—2.0 
1.6—2.2 
2.8—3.5 
2.9—4.0 


C. SPECIAL TOOLS 


(Prior Tool Numbers, where applicable, are shown in brackets) 


V. L. CHURCHILL NUDAY 
DESCRIPTION TOOL NO. TOOL NO. 
| Step Plate Adaptors | 0S |_—(9210 (6308) 
[Pulling Attachment (Smal) =| 9519190 (981) 
| Puller Reversible Arm (Small) | 10019196 (1001) 
9508 


D. WIRING DIAGRAMS 


The electrical wiring diagrams are shown for 
the various assembly plants as identified by the 
stamped letters ‘A’, or ‘C’ prefixing the tractor 
serial number. 


The wiring diagrams show the various 
electrical components and their associated 
wiring harnesses. 

The wiring diagrams are as follows: 

‘A’ Prefix 


e Ford TW-5, TW-15, TW-25 and TW-35 
— Less Cab 


e Ford TW-5, TW-15, TW-25 and TW-35 
— With Cab 


‘C’ Prefix 


e Ford TW-5, TW-15, TW-25 and TW-35 
— With and Less Cab 
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WIRING DIAGRAM 
‘A’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— LESS CAB 


Wire Colour Index 


Light, Green 


NOTE: Wires marked Z are non-standard 
colour codes. 


KEY TO WIRING CODES 
NOTE: Circuits are shown de-energised. 


. Instrument Cluster 

. LH Turn Lamp 

. Fuel Gauge 

. Panel Lamp 

. Panel Lamp 

. Air Cleaner Warning Lamp 

. Dual Power (Tortoise) Indicator Lamp 
. Main Beam Indicator Lamp 

. Oil Pressure Gauge 

. Dual Power (Hare) Indicator Lamp 
. Transmission Oil Warning Lamp 

. Voltage Gauge 

. Panel Lamp 

. RH Turn Lamp 

. Temperature Gauge 

. Panel Lamp 

. Instrument Cluster Connector 

. Trailer Turn Lamp 2 

. Trailer Turn Lamp 1 

. Horn Push 


OONDOHRWNH — 
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72. 


. Headlamp Dip/Main/Flash 
. Turn Indicator Switch 

. Switch Connector No. 2 

. Four Wheel Drive Switch 

. Plough Lamp Switch 

. Flasher Unit 

. Switch Connector 

. Hazard Warning Switch 

. Fuel Gauge Changeover Switch 
. Auxiliary Field Connector 

. Dual Power Switch 

. Light Switch 

. Stop Lamp Switch 

. Rear Lighting Connector 

. Bulkhead Connector No. 2 
. RH Side Lamp 

. RH Turn Indicator 

. Implement Lamp (Optional) 
. RH Turn Indicator 

. RH Side/StopLamp 

. Trailer Socket 

. LH Side Lamp 

. LH Turn Indicator 

. Implement Lamp (Optional) 
. LH Turn Indicator Lamp 

. LH Side/Stop Lamp 

. Licence Plate Lamp 

. Auxiliary Fuel Level Sender 
. Starting Motor 

. Transmission Oil Pressure Switch 
. Four Wheel Drive Solenoid 
. Dual Power Solenoid 

. Thermostart 

. Air Cleaner Vacuum Switch 


Horn 


. Starting Solenoid 

. LH Headlamp 

. RH Headlamp 

. Oil Pressure Switch 

. Oil Pressure Sender 

. Alternator 

. Battery 

. Temperature Sender 

. Regulator 

. Main Fuel Level Sender 
. Bulkhead Connector No. 1 
. Safety Start Switch 

. Diode (3A) 

. Handbrake Buzzer 

. Handbrake Switch 

. Key Start Switch 


(Shown in “OFF” Position) 


1. Feed 4. Auxiliary 
2. Accessory (Ignition) 
3. Thermostart 5. Start 


Fuse box 


See CPAP TER 5 same 


WIRING DIAGRAM 
‘A’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— LESS CAB 
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WIRING DIAGRAM 
‘A’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— LESS CAB 
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WIRING DIAGRAM 
‘A’ Prefix. 


FORD TW-5, TW-15, TW-25 and TW-35 
— WITH CAB 
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WIRING DIAGRAM 27. Switch Connector 
28. Hazard Warning Switch 
29. Fuel Gauge Changeover Switch 


A’ Prefix 30. Auxiliary Field Connector 
31. Ignition Relay 
FORD TW-5, TW-15, TW-25 and TW-35 32. Light Switch 
_— WITH CAB 33. Stop Lamp Switch 
34. Dual Power Switch 
35. Rear Lighting Connector 
Wire Colour Index 36. Bulkhead Connector No. 2 


37. Auxiliary Fuel Level Sender 
38. RH Side Lamp 
39. RH Turn Indicator 


40. RH Turn Indicator 

IN | Brown | Y | Yellow | 40. RH Tur Indicator 

fu | Bue | B | Black —| 42. Trailer Socket 

43. LH Side Lamp 

44. LH Turn Indicator 

45. LH Turn Indicator 

46. LH Side/Stop Lamp 

47. Transmission Oil Pressure Switch 
48. Four Wheel Drive Solenoid 
49. Dual Power Solenoid 

50. Air Cleaner Vacuum Switch 
51. Starting Motor 


Light, Green 
| 52. Starting Solenoid 
53. Horn 


NOTE: Wires marked Z are non-standard 54. Thermostart 


colour codes. 55. LH Headlamp 
56. RH Headlamp 
57. Oil Pressure Switch 
58. Oil Pressure Sender 
59. Fuel Level Sender Main 
60. Regulator 


KEY TO WIRING CODES 61. Alternator 
62. Blower Motor 
© Pieri 2 63. Battery 
NOTE: Circuits are shown de-energised. 64. Temperature Sender 
65. Windscreen Washer Pump 

1. Instrument Cluster 66. De-icing Switch 

2. LH Turn Lamp 67. Air Compressor Clutch 

3. Fuel Gauge 68. Thermostatic Switch 

4. Panel Lamp 69. Blower Motor Switch 

5. Panel Lamp 70. Wiper Motor 

6. Air Cleaner Warning Lamp 71. Windscreen Washer/Wiper Switch 

7. Dual Power (Tortoise) Indicator Lamp 72. Speaker 

8. Main Beam Indicator Lamp 73. Radio 

9. Oil Pressure Gauge 74. Licence Plate Lamps 
10. Dual Power (Hare) Warning Lamp 75. In-Line Fuse (2A) 
11. Transmission Oil Warning Lamp 76. Implement Lamps 
12. Voltage Gauge 77. Cab Interior Light 
13. Panel Lamp 78. Roof Connector 
14. RH Turn Lamp 79. Bulkhead Connector No. 1 
15. Temperature Gauge 80. Diode 
16. Panel Lamp 81. Safety Start Switch 
17. Instrument Cluster Connector 82. Key Start Switch 
18. Trailer Turn Lamp 2 (Shown in ‘“‘OFF” Position) 
19. Trailer Turn Lamp 1 1. Feed 4. Auxiliary 
20. Horn Push 2. Accessory (Ignition) 
21. Headlamp Dip/Main/Flash 3. Thermostart 5. Start 


22. Turn Indicator Switch 
23. Switch Connector No. 2 


. Cab Interior Light Switch 
. Handbrake Buzzer 


SSARLS 


24. Four Wheel Drive Switch . Handbrake Switch 
25. Plough Lamp Switch . Front Plough Lamp Switch 
26. Flasher Unit . Fusebox 
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WIRING DIAGRAM 
‘A’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— WITH CAB 
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WIRING DIAGRAM 
‘A’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— WITH CAB 
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WIRING DIAGRAM 
‘C’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— WITH AND LESS CAB 
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57. To Temperature Sender 
WIRING DIAGRAM 58. Temperature Gauge 
lade 30. TOF aa ink Selector Switch 
. To Fuel Tank Selector Switc 
— WITH AND LESS CAB os mi om 
. . Pressure Gauge 
Wire Colour Index 64. Ignition 
PN | 65. Engine Oil Pressure 
66. Air Cleaner 
67. High Beam 
68. Transmission Oil Pressure 
PR 69. Dual Power ‘Fast’ 
rG | 70. Dual Power ‘Slow’ 
G 7 - Ignition 
' . Volt Meter 
Gre Le at 
NOTE: Wires marked Z are non-standard colour 74. Illumination 
codes. 75. Illumination Lamps 
KEY TO WIRING CODES Se ee 
fecal ; . Temperature Gauge 
NOTE: Circuits are shown de-energised. 78. Fuel Gating : . 
1. To Ignition switch 79. To Fuel Tank Selector Switch 
2. 9.0 Amp Fuse 80. Ignition 
3. 3 Position — Centre off — Toggle Switch 81. Left Turn 
4. Flasher Unit 82. Oil Pressure 
5. Implement Lights rt | ee 
2 UA ge 85. Transmission Oil Pressure 
8. Left-Hand Flasher Lamp 7 Beh bea 
9. Right-Hand Flasher Lamp 88. Dual Power ‘Slow’ 
10. To Instrument Cluster 89. Ignition 
11. To Instrument Cluster 90. Alternator 
12. Low-Beam Headlamps 91. Right Turn 
13. To Instrument Cluster 92. Illumination 
14. Radio Light 93. Illumination 
15. Tail Light 94. Battery 
16. To Radio 95. Fuse Link — (Part of Main Front Harness) 
17. To Radio 96. Ignition Relay 
18. To Radio 97. 30 Amp Fuse 
19. Left-Hand Speaker (F.M. Stereo only) 98. 3 Speed Blower Switch 
20. Right-Hand Speaker 99. Thermostatic Switch 
21. High-Beam of Headlamps 100. Windshield Wiper & Washer Switch 
22. Work Lamp 101. Fuse 
23. Starter Motor Field Coils 102. Fuse 
24. Starter Motor ‘on. al Cluster 
sa IR sa ht oe of Battery 105. Horn Button (Where Fitted) 
27. To Positive Terminal of Battery io fea ee Aen 
29. Voltage Regulator Br prey Marts 
30. To Fuse Panel 108. Cigar Lighter (Where Fitted) 
31. To Instrument Cluster 2 Gauge Only a, ee Cluster 
32. To Positive Battery Terminal 111. Dual Power Solenoid 
33. Alternator 112. Dual Power Switch 
34. Oil Pressure Sender 113. Front Wheel Drive Switch 
35. Engine Temperature Sender 114. Front Wheel Drive Solenoid 
36. 4 Gauge Only 115. To Instrument Cluster 
35. Engine Temperature Sender 116. To Flasher/Turn Signal & Implement Light 
36. 4 Gauge Only 117. Fuse 
37. 2& 4 Gauge 118. Ignition Relay 
38. 2 & 4 Gauge 119. To Left Speaker (FM Stereo Only) 
39. 2 Gauge Only 120. To Speaker 
121. To Right Speaker 
40. 2& 4 Gauge , 
122. To Starter Solenoid 
41. 3A Diode 2 Gauge Only 123. Radio AM of AM/EM S 
42. Air Cleaner Restriction Vacuum Switch 124. To Te wo WYO! hors 
43. Engine Oil Pressure Switch - To Terminal oltage MEgUIAtor 
44. Transmission Oil Pressure Switch 125. Manifold Heater 
pee lind at Weeher Pump iota? i eolely Start Switch (Clutch Actuated) 
46. Windshield Wiper Motor 128. acs 
47. 6A Fuse : ae 
129. Ignition Switch 
48. Compressor Clutch Switch-Heat Actuated Switch Shown in Off Position. Heat & Heat 
-s 3 Soeed Blo eens Start Position are Spring Return to Ignition 
: osition 
51. To Instrument Cluster A. FEED B. ACCESSORY 
52. Fuel Tank Selector Switch C. HEAT D. IGNITION 
53. Main Tank Fuel Sender E. START 
5A. Auxiliary Tank Fuel Sender 130. Head Lamp Switch 
55. Illumination 131. Fuse 
56. Illumination Lamps 
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WIRING DIAGRAM 
‘C’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— WITH AND LESS CAB 


WIRING DIAGRAM 
‘C’ Prefix 


FORD TW-5, TW-15, TW-25 and TW-35 
— WITH AND LESS CAB 
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WIRING DIAGRAMS 


FORD TW-25, TW-35 
WITH CAB/WITH ELECTRONIC INSTRUMENT PANEL 


The wiring harnesses are shown individually. 
Figure 1 indicates the approximate harness 
and connector locations. 


a = MD /, 


Figure 1 


Main Front Harness 
Main Rear Harness 
Extension Harness 
Cab Roof Harness 
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WIRING DIAGRAM 
FORD TW-25 — TW-35 
WITH CAB/WITH ELECTRONIC INSTRUMENT PANEL 


A. MAIN FRONT HARNESS 
B. EXTENSION HARNESS 


> 


MAIN FRONT HARNESS 


Bulkhead Connector No. 1 Plug 
Engine Oil Pressure Sender 

Main Fuel Level Sender 

Engine Oil Pressure Switch 

Engine Coolant Temperature Switch 
Thermostart 

Engine Speed Sensor 

Ether Solenoid (where fitted) 
Bulkhead Connector No. 2 Plug 

10. Starting Motor Solenoid 

11. Starting Motor 

12. Key-Start Switch 

13. Left Hand Headlight 

14. Right Hand Headlight 

15. De-Icing Thermostat 

16. Clutch Air-Conditioning Compressor 
17. Engine Coolant Temperature Sender 
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18. Horn 
19. Air Cleaner Restriction Switch 
20. Battery 


N/Y N/Y B. EXTENSION HARNESS 


21 21. Bulkhead Connector No. 3 Plug 
22. Four Wheel Drive Solenoid 
23. Dual Power Solenoid 
24. Axle Speed Sensor | 
25. Transmission Oil Temperature Switch 
¥ 26. Transmission Oil Pressure Switch 


27. Auxiliary Fuel Level Sender 
28. Alternator Regulator 
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WIRING DIAGRAM 
FORD TW-25 —- TW-35 
WITH CAB/WITH ELECTRONIC INSTRUMENT PANEL 


MAIN REAR HARNESS 


MAIN REAR HARNESS 


1. Cigar Lighter 

Multi-Function Switch 

Multi-Function Switch Connector Socket 
(Except N. America) 

4. Dual Power Switch 

5. Stoplamp Switch 

6. Relay No. 1 (Ignition Load) 

7 

8 

9 


WN 


Bulkhead Connector No. 3 Socket 
Ether Push Switch 
Bulkhead Connector No. 2 Socket 


eater ee | 
Cities ae . 
= 10. Bulkhead Connector No. 1 Socket 


— 51 R 11. Safety Start Switch 
—_?;, 12. Key-Start Switch 
13. Fuse Box 
aa 
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6 gen ALR ec 
+2 —_o>—<D i oe a DO MAIN REAR HARNESS (CONTINUED) 
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Roof Harness Connector Socket 

Four Wheel Drive Switch 

Hazard Warning Light Switch 

Worklamp Switch 

Relay No. 3 (Rear Work Lamps) 

Main Lighting Switch 

Relay No. 2 (Front Work Lamps) 

Windscreen Washer Pump 

Implement Status Switch 

10. Trailer Lighting Socket 

11. Relay No. 4 (Worklamp Relay Control) 

12. Harness-to-Panel Connector ‘C’ 

13. Harness-to-Panel Connector ‘B’ 

14. Harness-to-Panel Connector ‘A’ 

15. Multi-Function Switch Connector Socket (N. America) 
16. Harness-to-Panel Connector ‘D’ 

17. Performance Monitor Connector 

18. Flasher Control Unit 

19. Front/Rear Worklamp Switching Delay Capacitor 
20. Radar Connector Socket 

21. Electronic Instrument Panel/Performance Monitor 
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WIRING DIAGRAM 
FORD TW-25 — TW-35 


WITH CAB/WITH ELECTRONIC INSTRUMENT PANEL 


CAB ROOF HARNESS 


SOT SON > 


Right Hand Side Light 

Right Hand Rear Light 

Left Hand Rear Light 

Left Hand Side Light 

Right Hand Rear Work Lamp 

Right Hand Licence Plate Lamp (Roof Mounted) 
Left Hand Licence Plate Lamp (Roof Mounted) 
Left Hand Rear Work Lamp 

Blower Motor 

Blower Motor Switch 

Thermostatic Switch 

Auxiliary +12V Power Socket 

Cab Roof Harness Connector Plug 
Windscreen Washer/Wiper Switch 
Stereo Radio 

Right Hand Speaker 

Left Hand Speaker 

Right Hand Front Work Lamps 

Left Hand Front Work Lamps 

Mono Radio 

Right Hand Speaker 

Left Hand Speaker 

Clock 

Courtesy Light Switch 

Left Hand Interior Light 

Right Hand Interior Light 

Parking Brake Warning Switch 
Wiper Motor Interference Suppressor 
Windscreen Wiper Motor 
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PART 3 
ELECTRICAL SYSTEMS 


Chapter 6 
ELECTRONIC INSTRUMENT PANEL 


Section Page 

A. ELECTRONIC INSTRUMENT PANEL — 

DESCRIPTION AND OPERATION 1 
B. ELECTRONIC INSTRUMENT PANEL— 

GROUND SPEED CALIBRATION 13 
C. ELECTRONIC INSTRUMENT PANEL—CENTRAL DIGITAL 

DISPLAY MODULE AND BULB REPLACEMENT 14 
D. ELECTRONIC INSTRUMENT PANEL— 

FAULT FINDING 15 


E. ELECTRONIC INSTRUMENT PANEL — 
TRACTOR BUILD PROGRAMME SELECTION 44 


F. ELECTRONIC INSTRUMENT PANEL — 


SPECIFICATIONS 


A. ELECTRONIC INSTRUMENT PANEL— DESCRIPTION AND OPERATION 


The Electronic Instrument Panel ts illustrated in 
Figure 1. 


The upper section contains eighteen coloured 
indicator lights which give warning of system 
malfunction or provide operating information. 
When the key-start switch is turned to the 
“QN” position, the warning lamps not 
normally tlluminated will be displayed for two 
seconds to confirm the bulbs are functioning. 


The left-hand side of the panel contains four 
bargraph_ style’ instruments, each one 
consisting of eight liquid crystal display 
segments (L.C.D.'s) that are displayed in black 
on a silver background. 


The instruments provide information on 
engine coolant temperature, engine oil pres- 
sure, battery condition and fuel level. 


The centre of the instrument panel consists of a 
multi-function liquid crystal display with 
touch-sensitive selector buttons to the right. 


Engine speed is displayed in the form of a 
bargraph, while immediately below is a 
selective display which, by touching the 
appropriate selector button, will provide a 
numerical read-out of engine speed, ground 
speed or P.T.O. speed. 


8 #10 SHS * 20 
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Figure 1 
Electronic Instrument Panel 


. Warning Light: Dual Power Engaged 

. Warning Light: Direction Indicator RH 

. Warning Lamp: Not Utilised 

Selector Switch: Engine Speed Display 
Selector Switch: Ground Speed Display 
. Selector Switch: PTO Speed Display 

. Switch: Front Wheel Drive 

. Central Digital Display 

. Hourmeter 

10. Switch: Hazard Warning 

11. Switch: Worklamps 

12. Switch: Tractor Lights 

13. Bargraph Display: Engine Speed 

14. Bargraph Display: Fuel Level 

15. Bargraph Display: Battery Condition 
16. Bargraph Display: Engine Oil Pressure 
17. Bargraph Display: Engine Coolant Temperature 
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Four rocker switches at the bottom of the panel 
control the headlamps, worklamps, hazard 
warning lights and _ front wheel drive 
engagement. 


18. 
19. 
20. 
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Warning Light: 
Warning Light: 
Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 
. Warning Light: 


Parking Brake 

Direction Indicator LH 
Trailer 1 Indicators 

Engine Coolant Temperature 
Trailer 2 Indicators 

Engine Oil Pressure 
Charging Circuit Failure 
Worklamps Illuminated 
Headlight Main Beam 

Low Fuel Level 

Not Utilised 

Air Cleaner Restriction 
Transmission Oil Temperature 
Direct Drive Engaged 
Transmission Oil Pressure 


An electro-mechanical hour meter beneath the 
L.C.D. displays true time when the engine is 
running. The L.C.D. display is illuminated 
when the tractor lights are switched on. 
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Certain tractor functions have been classed as 
critical. They are: 


Engine coolant temperature 
Engine oil pressure 
Transmission oil temperature 
Transmission oil pressure 
Parking brake engagement 


Should one of these systems malfunction 
while the engine is running or the tractor be 
driven with the parking brake not fully released, 
the warning light(s) will be accompanied by 
an intermittent audio alarm which will 
continue until the malfunction is corrected or 
the key-start switched off. 


Battery condition, fuel level and air filter 
restriction are classed as non-critical functions. 
In the event of a malfunction in these systems, 
the warning light will be accompanied by a 
steady alarm note for five seconds only. 


In addition to the audio alarm, should either the 
engine coolant temperature be too high or 
engine oil pressure too low, the word “STOP” 
will flash on the central digital display. 


Central Digital Display 

The display (8) will provide, on demand, a 
numerical read-out of various tractor 
functions. 


At start-up, the engine speed will be displayed 
with the letters ‘RPM’ to the right of the main 
display. When other tractor functions have 
been selected, engine speed may be re-called 
by pressing the selector switch (4). 


Press the selector switch (5) and the tractor 
ground speed will be displayed with the letters 
‘MPH to the right of the main display. 


NOTE: The instrument panel can be 
programmed to display tractor ground speed in 
metric units, in which case the letters ‘Km/h’ 
will be displayed. Refer to Section E. 


Press the selector switch (6) and the P.T.O. 
speed will be displayed. To the right of the 
main display the number ‘540 RPM’ or ‘1000 
RPM’ will appear. If ‘1000 RPM’ appears and 
you are using the 540 rev/min P.T.O. shaft, 
press the selector switch (6) asecond time and 
the appropriate P.T.O. speed will be displayed 
with the number ‘540’ to the right of the main 
display. 


NOTE: 7he instrument panel on Ford TW-35 
tractors is programmed to display ‘1000 RPM’ 
P.T.O. speeds only. 
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FUNCTION WARNING SYSTEM 


The electronic instrument panel monitors 
information received continuously from a 
series of function senders and switches. If any 
vehicle function is detected to be outside of the 
predetermined operating parameters stored 
within the microprocessor memory, an 
instrument panel warning light will be 
illuminated, and for circuits designated as 
critical an audio alarm will sound. Vital 
parameters such as engine oil pressure and 
coolant temperature, are monitored by both a 
sender and a switch so that if either component 
should possibly fail, the other would remain 
active and continue to provide vital engine 
information (coolant temperature and 
engine oil pressure). 


Figure 2 shows the electronic instrument 
_ panel, the function senders/switches and their 
location on the vehicle. 


A) Electronic Instrument Panel. 


Four twelve-pin connectors link the 
instrument panel to the Main Rear Wiring 
Harness. The electronic module is not 
serviceable and no attempt should be 
made to disassemble the unit. 


B) Ground Speed Sender. 


A cylindrical probe screwed into the left- 
hand side of the transmission housing 
contains a small wire coil in the tip. The 
position of the probe is such that the coil is 
very close to the teeth of the output gear 
coupling. The drive gear coupling rotates 
when the vehicle is in motion and the 
moving coupling teeth each induce a pulse 
of electro-magnetic force into the coil 
which passes along the signal wire to the 
instrument panel. The frequency of the 


pulses is directly proportional to the vehicle 
ground speed. Electronic circuitry within 
the instrument panel converts _ this 
frequency to ground speed in either MPH 
or Km/h which appears on the digital 
display when the ground speed selector 
switch is pressed. This circuitry requires 
calibrating to suit the rolling radius of the 
rear tyres. For calibration procedure refer to 
“Ground Speed Calibration,” Section B. 
The ground speed sender is coupled to the 
Extension Wiring Harness by a water- 
resistant 2-pin connector. 


C) Auxiliary Fuel Tank Sender. 


The sender is located in the top surface of 
the auxiliary fuel tank on the left-hand side 
of the vehicle and is coupled to the 
Extension Wiring Harness by two 
connectors. Movement of the float and arm 
with changes in fuel level, cause a contact 
to pass across a resistance track. A 
resistance proportional to the volume of 
fuel in the tank is sensed by the electronic 
instrument panel which displays fuel level 
segments according to the following table: 


Level Sender Resistance Segments 
~ 1/8 over 222 Ohms 1 
+ 1/8 195 — 222 Ohms 2 
+ 1/4 167 — 194 Ohms 3 
+ 3/8 140 — 166 Ohms 4 
+ 1/2 113 — 139 Ohms 5 
+ 5/8 85 — 112 Ohms 6 
+ 3/4 58 — 84 Ohms 7 
+ 7/8 31 — 57 Ohms 8 


Figure 2 
Electronic Instrument Panel 
Function Monitoring and Warning System Components 


Electronic Instrument Panel 

Ground Speed Sender 

Auxiliary Fuel Tank Sender 

Parking Brake Warning Switch 
Alternator Regulator 

Engine Coolant Temperature Sender 
Engine Oil Pressure Sender 

Engine Coolant Temperature Switch 
Transmission Oil Temperature Switch 
Engine Oil Pressure Switch 

Main Fuel Tank Level Sender 
Engine Speed Sender 

Transmission Oil Pressure Switch 
Air Cleaner Restriction Switch 
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Figure 2 
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E) 


Auxiliary Fuel Tank Sender (cont'd) 


A resistance in excess of 900 Ohms will 
cause the electronic instrument panel to 
display an open circuit fault (OPEN). The 
short circuit fault (SH:CR) is displayed if 
the resistance is below 14 Ohms. 


Handbrake Warning Switch. 


A magnetic type reed switch located 
beneath the tractor handbrake assembly 
senses the position of the handbrake 
handle. With the handle in the fully 
lowered (parking brake off) position, a 
steel tab locates within the switch, and 
masks the magnet from the switching 
element so that the switch remains open. 
As the handbrake lever is raised, to apply 
the brake, the masking tab is withdrawn 
from the switch. The magnetic influence 
on the switching element causes the 
switch to close, actuating the warning 
light, and audible alarm if the vehicle speed 
is in excess of 0.5 mph, (0.8 Km/h). 


Alternator Regulator. 


The Regulator is situated on the inside 
surface of the right-hand cab/platform 
step plate frame, and is coupled to the 
Extension Wiring Harness by a _ water- 
resistant 4-pin connector. Battery charge 
condition is sensed at the regulator by the 


electronic instrument panel, which 
displays charge voltage segments 
according to the following table: 
Battery Voltage Segments 
less than 10.5V 1 

10.5V — 11.5V 2 

11.5V — 12.5V 3 

12.5V — 13.5V 4 

13.5V — 14.5V 5 

14.5V — 15.5V 6 

15.5V — 16.5V 7 

over 16.5V 8 


F) 


The audible alarm is sounded after a two 
second delay, when battery voltage falls 
below 10.5V or rises above 16.5V. The 
charge warning light will illuminate if the 
alternator is not charging the battery. 


Engine Coolant Temperature Sender. 


The engine coolant temperature sender is 
located in the side of the thermostat 
housing and is accessible from the left- 
hand side of the engine. The sender is 
coupled to the main front harness by a 
single stud type connector. The resistance 
of the sender changes proportionally with 
engine coolant temperature and the 
electronic instrument panel displays 
coolant temperature segments according 
to the following table: 


Sender Seg- 


Temperature Resistance ments 


(°C) 
Up to 55 
55— 66 
66— 77 
77—- 88 
88— 99 
99-110 
110-121 
over 121 


a) 
Up to 131 
131-151 
151-171 
171-191 
191-211 
211 — 231 


231 — 251. 


over 251 


(Ohms) 
over 880 
581 — 880 
401 — 581 
281 — 401 
191 — 281 
141-191 
101 —141 


less than 101 
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“When eight coolant temperature 
segments are illuminated the message 
“STOP” will display accompanied by an 
audible alarm if the engine is running. 


G) Engine Oil Pressure Sender. 


The engine oil pressure sender ts located in 
the left hand side of the engine block and 
monitors the pressure of the engine 
lubricating oil in the pump delivery gallery. 
The sender is coupled to the Main Front 
Harness by a_ water-resistant 3-pin 
connector. The sender operates on a 
+5.0V power supply from the instrument 
panel. Changing engine oil pressure 
causes the sender to modulate the supply 
voltage within a specific operating range. 
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H) Engine Coolant Temperature Switch. 


This switch is located in the side of the 
thermostat housing and is accessible from 
the left-hand side of the engine. The switch 
is coupled to the Main Front Wiring 
Harness by a single bullet type connector. 
The switch is normally open and closes 
when engine coolant temperature rises 


above 250°F (121°C). The signal wire to 


the instrument panel is switched to earth 
and the engine coolant temperature 
warning light is illuminated. 


The resultant signal voltage is monitored 
by the instrument panel which displays an 
appropriate number of engine oil pressure 
segments, according to the following 


table: 
J) Transmission Oil Temperature Switch. 
Engine Oil Sender Output 
seine Voltage Segments This switch is screwed into the hydraulic 
in ; : : 
eesahan 10 118-155 , pump cover on the right-hand side of the 
10-20 155—1.91 9 transmission housing and monitors oil 
20-30 1.91 —2.28 3 temperature at the hydraulic return filter. 
30 — 40 2.28 — 2.64 4 
10-50 764-301 5 Ye ec is aces to daira 
50—60 3.01 — 3.37 6 ring marness Y a sing e bullet type 
60-70 3.37 — 3.73 7 connector. The switch is normally open 
70-80 3.73—4.10 8 and closes when transmission _ oil 


temperature rises above 235°F (113°C). 


The critical low oil pressure alarm is The signal wire to the instrument panel is 


dependent on both oil pressure and engine 


RPM then switched to earth and _ the 
transmission oil temperature warning light 
is illuminated. 
Engine Oil Engine Speed Critical 
Pressure RPM Alarm 
(Ibf/in?) 
0 less than 500 OFF 
less than 10 500— 1500 ON 
less than 15 1500 — 2000 ON 
less than 25 2000 — 3000 ON 


K) Engine Oil Pressure Switch. 
NOTE: The Sender is powered by +5.0V 


internal power supply from the instrument This switch is situated in the left-hand side 


panel. Do not attempt to power from a 
+ 72.0V source. 


When a signal voltage outside of the 
Operating range is detected, the instrument 
panel identifies an alarm condition; the 
“STOP” message is displayed, the critical 
alarm sounds, and the oil pressure 
bargraph segments flash slowly. 


of the engine block below the exhaust 
manifold. The switch is coupled to the 
Main Front Wiring Harness by a single 
spade type connector. The switch is 
normally closed and opens when engine 
oil pressure rises above 10 Ibf/in?. (0.7 
bar.). When the engine is not running or 
the oil pressure is below the switch setting, 
the engine oil pressure warning light is 
illuminated. 


L) Main Fuel Tank Level Sender. 


The sender is located in the right hand side 
of the main fuel tank under the front hood 
panel, and is coupled to the Main Front 
Harness by two connectors. The principle 
of operation of the sender and the electrical 
specifications are as detailed in C) 
Auxiliary Fuel Tank Sender. When an 
auxiliary fuel tank is fitted the electronic 
instrument panel is set to average the 
signals from both senders and the fuel level 
display segments indicate the proportion 
of total fuel capacity remaining. 


M) Engine Speed Sender. 


The engine speed sender is installed on the 
rear of the fuel injection pump on the right- 
hand side of the engine, and is coupled to 
the Main Front Wiring Harness by a two 
pin connector. 


The sender replaces the tachometer drive 
cable used on vehicles without electronic 
instrument panel. The mechanical drive 
from the fuel injection pump rotates a steel 
rotor within the sender. Pulses of electro- 
magnetic force are induced into a wire coil 
which passes along the signal wire to the 
instrument panel. The frequency of the 
pulses is directly proportional to the engine 
speed. Electronic circuitry within the 
instrument panel converts this frequency 
to engine RPM which appears on the 
digital display at engine start up or when 
the engine speed selector switch is 
pressed. 
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N) Transmission Oil Pressure Switch. 


P) 


The transmission oil pressure switch is 
screwed into a union in the dual power 
hydraulic oil line where it passes along the 
upper right-hand edge of the transmission 
housing. The switch is coupled to the 
Extension Wiring Harness by a two pin 
connector. The switch is normally closed 
and opens when transmission oil pressure 
rises above 153lbf/in?. (10.6 bar). 


When the engine is not running or the 
transmission oil pressure is below 127 
Ibf/in? (8.8 bar) the transmission oil 
pressure warning light is illuminated. 


Air Cleaner Restriction Switch. 


The air cleaner restriction switch is located 
in the air cleaner-to-turbocharger tube and 
is coupled to the Main Front Wiring 
Harness by two spade type connectors. 
The switch is normally open and closes 
when the vacuum in the air intake tube 
exceeds 30 in. H,O. The air cleaner 
restriction warning lamp is illuminated 
when the switch is closed. 
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Figure 3 
Wiring Loom Identification 


1. Cab Roof Harness 
2. Electronic Instrument Panel Connectors 
3. Main Rear Harness 
4. Extension Harness 


The senders and switches associated with the 
function warning system are connected to 
various wiring looms which incorporate the 
signal wires to the electronic instrument panel. 


The wiring looms concerned are identified in 
Figure 3. 


10 


5. Main Front Harness 
6. Bulkhead Connectors 1, 2, and 3 
7. Cab Roof Harness Connector 


Three large multipin connectors, Bulkhead 
Connectors 1, 2 and 3 are located under the 
rear end of the front hood panel and link the 
main wiring harnesses together. These 
connectors are convenient points at which to 
conduct continuity testing to locate wiring 
faults and are identified in Figure 4. 
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Figure 4 
Bulkhead Connector Identification 


1. Bulkhead Connector No. 1 2. Bulkhead Connector No. 2 3. Bulkhead Connector No. 3 


The electronic instrument panel is connected 
to the Main Rear Wiring Harness by four 
twelve pin connectors, Figure 5. The four 
connectors are similar in appearance but have 
different guide peg configurations to prevent 
incorrect matching. 


When fault finding in the function sender and 
switch circuits it is important to correctly 
identify the appropriate connector and the 
correct pin for test purposes. Figure 6 shows 
the four wiring loom connectors as they would 
appear with the electronic instrument panel 
disconnected. References to test points in the 
fault finding procedures are made firstly to the 
connector and then the pin number, e.g. Ai 2. 
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Figure 5 
Harness-to-Panel Connector 
1. Plug 2. Locking Clip 
3. Socket 


+ 
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Figure 6 
Harness-to-Panel Connector Pin Identification 


Warning Messages 


A variety of messages indicating that a 
function sensor is outside of its operating 
parameters or that a malfunction in the 
warning circuits exists, can appear on the 
central digital display: 


STOP: This: message only appears when 
the tractor engine is running and is 
accompanied by an intermittent 
audio alarm. The engine must be 
stopped immediately to 
prevent damage, and the cause 


of the warning investigated. 


OPEN: This message will appear in 
conjunction with another function 
segment which will flash to indicate 
an open circuit condition to a 


particular function sender. 
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SH:CR: This message will appear in 
conjunction with another function 
segment which will flash to indicate 
a short circuit condition to a 


particular function sender. 


The OPEN/SH:CR messages will only occur 
for open or short circuits associated with the 
following functions: 


Engine Oil Pressure 

Fuel Level 

Engine Speed (RPM) 
Vehicle Speed (MPH/Km/h) 


NOTE: A PTO OPEN or FUEL SH-:CR 
message may occur if the instrument panel has 
not been correctly set for compatibility with the 
vehicle build — See Section E. 

FAIL: This message will only appear in the 
unlikely event of an electronic failure 
within the instrument panel, which 
requires specialist repair by the 
manufacturer. A new instrument 
panel module should be installed. 
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B. ELECTRONIC INSTRUMENT PANEL— GROUND SPEED CALIBRATION 


The ground speed on the digital display is 
calibrated in the factory to suit the rolling 
radius of the rear tractor tyres. 


Should tyres of a different size be fitted or 
weights or equipment permanently installed 
on the tractor that would alter the rolling radius 
of the tyre by more than 0.5 in (13 mm), then 
the module may be recalibrated to display an 
accurate ground speed, as follows: 


1. Ensure the tyre pressures are correct for the 
load being carried. See Section C of the 
Operator's Manual. 


2. Park the tractor on a hard level surface and 
carefully measure the distance from the 
centre of the rear hub to the ground. This is 
the rolling radius. 


3. Using the following table, note the 
calibration number that corresponds with 
the measured rolling radius: 


Calibration 
Number 


Rolling Radius 
(in) (mm) 
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Figure 7 
Electronic Instrument Panel-Rear View 


1. Ground Speed Calibration Knob 


4. Turn the tractor key-start switch to “ON” 
and press and hold down the ground 
speed selector switch (5), Figure 1, for at 
least five seconds. The calibration number 
to which the micro-processor was 
Originally set will be displayed. If this 
number corresponds with that determined 
from the table, then no further action need 
be taken. 


5. Ifthe calibration needs to be changed, then 
remove the four socket-head screws 
securing the instrument panel to the 
console and raise the panel to expose the 
rear of the instrument cluster. 


6. Rotation of the ground speed calibration 


knob, Figure 7, will vary the calibration 
number displayed. 


7. Once the required calibration number has 
been obtained, carefully replace the 
instrument panel and momentarily press 
any one of the selector switches (4), (5) or 
(6), Figure 1, to return the electronic 
instrument cluster to normal operation. 
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C. ELECTRONIC INSTRUMENT PANEL-—CENTRAL DIGITAL DISPLAY MODULE 
AND BULB REPLACEMENT 


Figure 8 
Electronic Instrument Panel — Rear View 


1. Backlight Bulb Locations 

2. Central Digital Display Module 
3. Locating frame 

4. Warning Lamp Bulb Holder 


Panel Removal 


Remove the four socket-head screws securing 
the instrument panel to the console and lift up 
the panel to expose the rear of the instrument 
cluster. 

Module 


Central Digital Display 


Replacement 


Where fault finding procedures recommend 
the installation of anew Central Digital Display 
Module, the Electronic Instrument Panel 
should firstly be removed and disconnected 
from the tractor. Remove the four module 
locating frame screws and withdraw the 
module from the frame, Figure 8. Install a new 
module to the panel and secure in position by 
installing the locating frame and tightening the 
four frame attaching screws. Reassemble the 
connectors and install the panel to the tractor. 


Warning Lamp Bulb Replacement 


To change any one of the eighteen warning 
lamp bulbs, turn the bulb holder (2) Figure 8, 
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Figure 9 
Rocker Switch — Removed 


1. Bulb Retainer 
2. Tag 


anti-clockwise and remove the bulb and 
holder. The bulb is of the capless type, rated at 
2.2W and is a push fit in the holder. 


L.C.D. Backlight Bulb Replacement 


To change either of the L.C.D. backlight bulbs, 
remove the rubber plug (1), Figure 8, to 
expose the bulb holder. The bulb and holder 
are similar to those used for the warning lamps 
and the replacement procedure is the same. 
However, due to limited access, it may be 
necessary to use a small pair of pliers to grip the 
bulb holder for removal. 


Rocker Switch Bulb Replacement 


The front wheel drive and hazard warning light 
switches are internally illuminated. To change 
a bulb, press in the tag (2), Figure 9, using a 
small screwdriver, and pull the bulb retainer (1) 
out of the back of the switch. The bulb is of the 
capless type, rated at 1.2W and is a push fit in 
the retainer. After changing the bulb, push the 
retainer into the back of switch until the tag 
locates in the aperture. 
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D. ELECTRONIC INSTRUMENT PANEL— FAULT FINDING 


Fault finding for electronic systems should be 
carried out in a logical and methodical fashion. 
A few minutes spent understanding the system 
and analysing the complaint can save 
considerable time. 


Most systems can be thought of as a signal 
from a sensor or switch to a warning light or 
alarm. The basis of fault finding is to locate the 
part or point at which the signal stops or 
becomes corrupted. When checking the 
signal's passage through the system, it is usual 
to initially check that it is present at some point 
near the middle of the circuit. If it is present, 
continue checking towards the end, if it is not, 
go back towards the beginning until the signal 
is located. 


An essential piece of equipment for checking 
electronic systems is a good quality multimeter 
(with an input impedance of at least 20,000 
Ohms/V) which can measure voltage, current 
and resistance. 


IMPORTANT: Care should be exercised 
when using the instrument to measure 
resistance and current. In particular resistance 
measurements MUST NOT be made on 
electronic modules unless otherwise directed 
as this could damage their internal circuitry. 
When measuring the resistance of wiring or 
sensors/switches, it is necessary to isolate the 
electronic module. 
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When making an electrical connection 
or measurement, ensure the contact is 
made on clean bare metal which is free 
from paint, dirt or grease. 


The multiplug connectors used in the system 
are specially designed and require a specific 
removal and installation procedure. This is to 
ensure that positive connections are 
established. It is therefore necessary to ensure 
that they are clean and free from contaminants. 


It is good practice to work from a higher range 
downwards with a multimeter to avoid 
damaging the instrument. 


IMPORTANT: Where it is found necessary 
to clean any of the multip/ugs in the system a 
Contact Spray should be used. DO NOT USE 
ANY OTHER METHOD FOR CLEANING 
THE TERMINALS. 


NOTE: Do not use a cleaner that contains 
Trichlorethylene which will dissolve the plastic 
connectors. /t is preferable to use a cleaner 
with a FREON IF base. 


When cleaning of the connectors is comple- 
ted, the terminal pins should be smeared with 
a Dielectric Grease prior to re-assembly. 


Both Contact Spray and Dielectric Grease 
are available at good electronic supply 
shops. 


The operator will often blame the instrument 
panel module for all faults related to the 
system, although in the majority of instances 
the problem will have occured in either the 
connectors, the sensors or the wiring. 
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Figure 10 
+ 12V Power Supply to Instrument Panel. 
1. Wiring Loom-to-Instrument Panel Connector “A” 4. Bulkhead No. 2 Connector 
2. Battery 5. Key-start 
3. Starter Motor Solenoid 6. Fusebox 


CONDITION 1: Instrument Panel Inoperative 


No display on instrument panel when the key start switch is turned on. 
With reference to Figure 10 


TEST RESULT ACTION 


1. Ensure the gear levers are in the neutral 


position. Turn the key start switch to crank YES Go to 2 
the engine. 

e Js the battery sufficiently charged to crank NO Charge the 
the engine? battery 
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TEST 


. Turn key-start switch off. 


Remove fusebox cover, and withdraw the 
5A instrument panel fuse in fuse position 4. 


Is fuse blown? 


Remove the instrument panel. 
Identify and uncouple wiring harness-to- 
instrument panel connector A. 


Turn key start switch on and measure 
voltage between terminals Al (+ 12V 
power) and A6. (earth) 

Is approx. + 12V measured? 

Turn key start switch on and measure 


voltage between connector terminal A1 
and the battery negative (earth) terminal. 


Is approx. + 12V measured? 


Clean wiring loom-to-instrument panel 
connector pins with contact spray and 
apply a dielectric grease. (See page 15) 


Re-couple connector A and_ switch 
ignition on. 


Does instrument panel display? 
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RESULT 


YES 


NO 


YES 


NO 


YES 


NO 


YES 


NO 
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ACTION 


Renew fuse and 
recheck function. 


Go to 3 


Go to 5 


Go to 4 


Fault in earth wiring: 
Locate and repair 


Fault in + 12V power 
wiring locate and 
repalr. 


Install a new Central 
Digital Display Module 
into the instrument 
panel (see page 14) 
and recheck function. 
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FUNCTION WARNING SYSTEM — 
FAULT FINDING IN SENSOR CIRCUITS 


The function warning system incorporates a self-diagnostic feature which detects 
open circuit or short circuit faults between the electronic instrument panel and the 
following function sensors: 


— Engine Coolant Temperature 

— Engine Oil Pressure 

— Main Fuel Tank Level 

— Auxiliary Fuel Tank Level 

— Engine Speed 

— Tractor Indicated Ground Speed 


Should the electronic instrument panel display either of the fault messages ““OPEN” 
or “SH:CR” another segment of the panel display will flash concurrently to indicate 
the circuit in which the fault has been detected. 


In the event of an “OPEN” message, check firstly for secure attachment of the signal 
wire to the function sender concerned. 


In the event of a “SH:CR” message, remove the signal wire to the function sender. If 
the fault message changes from “SH:CR” to “OPEN” the fault lies within the 
sender, which should be renewed. 


If the above checks have been conducted unsuccessfully then the following test 
procedures will enable a fault in these circuits to be located and rectified. 


The wiring diagram colour code abbreviations are as follows: 


((G) | GREEN 
(kK) | PINK 
((R) | REDO 


| (S) | 
((U) | BLUE Cs 
(Y) 


AiG) 
nae Je 


=z 


i“ 


Cc 
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Figure 11 
Engine Coolant Temperature Sender Circuit 


1. Engine Coolant Temperature Sender 
2. Bulkhead Connector 1 
3. Harness-to-Panel Connector ‘A’ 


CONDITION 2: Engine Coolant Temperature Circuit Inoperative 
Instrument panel engine coolant temperature bargraph is inoperative. Only one segment of the 


bargraph is indicating, regardless of the engine temperature. 
With reference to Figure 11. 


TEST RESULT ACTION 


1. Inspect the wire connection at the 
engine coolant temperature sender. YES Go to 2 


e Are the sender terminal and wire 


connector clean and do they fit firmly NO Rectify poor connec- 
together? tion and recheck 
function 
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Engine Coolant Temperature Circuit Inoperative (cont'd) 


TEST 


Remove the wire connection attached to 
the coolant temperature sender and hold 
it firmly against a good vehicle earth 


Does the display now indicate SH:CR? 


With the wire removed from the engine 
coolant temperature sender, measure the 
resistance from the terminal of the 
sender to its metal body. 


Is the resistance between 
Hot engine — 80 Ohms 
Cold engine — 2500 Ohms? 


Remove the instrument panel. Identify 
and uncouple wiring harness-to- 
instrument panel connector A. Firmly 
earth the coolant temperature sender 
wire to the frame or engine of the tractor 
and measure the resistance between pins 
A2 and A6. 


Is the resistance less than 10 Ohms? 


Clean the wiring harness-to-instrument 
panel connector pins with contact 
cleaner spray, and apply a dielectric 
grease. (See page 15) Recouple 

the connectors to the instrument panel 
and turn key-start switch on. 


Does the panel function correctly? 
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RESULT 


YES 


NO 


YES 


NO 


YES 


NO 


YES 


NO 


ACTION 


Go to 3 


Go to 4 


Sender has poor earth 
to engine. Remove 
sender and_ clean 
threads. 


Renew sender and 
recheck function. 


Go to 5 


Find and repair an 
open circuit fault in 
wiring between 
connector A _- and 
sender. 


Install a new Central 
Digital Display Module 
into the instrument 
panel (see page 14) 
and recheck function. 
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Figure 12 
Engine Oil Pressure Sender Circuit 
1. Engine Oil Pressure Sender 4. Harness-to-Panel Connector ‘A’ 
2. Sender Connector 5. Harness-to-Panel Connector ‘B’ 


3. Bulkhead Connector 1 


CONDITION 3: Engine Oil Pressure Sender Circuit OPEN 

Instrument panel displays OPEN fault in engine oil pressure circuit (engine oil pressure bargraph 
flashing) with engine off and key-start switch on. 

With reference to Figure 12. 


NOTE: /he sender operates on a + 5.0V internal power supply from the instrument panel. Do not 
attempt to power from a +72.0V source. 


TEST RESULT ACTION 


1. Inspect the connector on the engine oil 
pressure sender. YES Go to 2 


e Are the terminals clean and does the 


connector fit securely together? NO Rectify poor connec- 
tion and recheck 
function 
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Engine Oil Pressure Sender Circuit OPEN (cont'd) 


TEST 


Uncouple the engine oil pressure sender 
connector. Earth the signal wire (Y/S) 
pin to the tractor frame or engine. Turn 
the engine off and the keystart switch 
on; 


Does the display indicate SH:CR? 


At the oil pressure sender connector 
short the signal wire pin (Y/S) to the 
earth wire pin (B). 


Does the display show SH:CR? 


With the oil pressure sender connector 
uncoupled, measure the voltage between 
the power supply pin (G/K) and the 
earth pin (B). 


Is the reading more than 4.5 volts? 


Remove the instrument panel. Identify 
and uncouple wiring harness-to- 
instrument panel connector B. Earth the 
signal pin (Y/S) on the oil pressure 
sender connector to the tractor frame or 
engine. Measure the resistance between 
pin B2 and a good vehicle earth. 


Is the resistance measured less than 
10 Ohms? 
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RESULT 


YES 


NO 


YES 


NO 


YES 


NO 


YES 


NO 


ACTION 


Go to 3 


Go to 5 


Go to 4 


Locate and repair open 
circuit in ground wire 
to oil pressure sender 


Renew the oil pressure 
sender and_ recheck 
function. 


Go to 6 


Go to 7 


Locate and repair open 
circuit in signal wire 
(Y/S) between con- 
nector B and the 
sender connector. 
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Engine Oil Pressure Sender Circuit OPEN (cont'd) 


TEST RESULT ACTION 


Remove the instrument panel. Identify 

and uncouple wiring harness-to- 

instrument panel connector A. 

Earth the power supply pin (G/K) in the YES 
oil pressure sender connector to the 

tractor frame. Measure the resistance 

between pins A4 and A6. NO 


ls the resistance measured less than 
10 Ohms? 


Clean the wiring harness-to-instrument 
panel connector pins with contact 
cleaner spray, and apply a dielectric 
grease. (See page 15) Recouple YES 
the connectors to the instrument panel 
and turn key-start switch on. 
NO 
Does the panel function correctly 
without OPEN fault displayed? 
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Go to 7 


Locate and repair open 
circuit in power supply 
wire (G/K) between 
connector A and oil 
pressure sender 
connector. 


install a new Central - 
Digital Display Module 
into the instrument 
panel (see page 14) 
and recheck function. 


a eee | PART 3--ELECTRICAL SYSTEMS Fe Ne ae | 


CONDITION 4: Engine Oil Pressure Sender Circuit SH:CR 


Instrument panel displays SH:CR fault in engine oil pressure circuit (engine oil pressure bargraph 
flashing) with engine off and key-start switch on. 
With reference to Figure 12. 


TEST RESULT ACTION 


1. Uncouple the connector at the oil 
pressure sender. Measure the voltage YES Go to 2 
across the power supply pin (G/K) and 
the earth pin (B) 


NO Go to 3 
e {Is the reading between 4.5 and 5.0 
volts? 
2. With the oil pressure sender connector 
uncoupled, does the instrument panel YES Remove and renew 
display OPEN? engine oil pressure 
sender and_ recheck 
function. 
NO Go to 5 
3. Remove the instrument panel. Identify 
and uncouple wiring harness-to- YES Locate and repair short 
instrument panel connector A. With the circuit to earth = in 
oil pressure sender connector removed, power supply’ wire 
measure the resistance between pins A4 (G/K) between 
and A6. connector A and the oil 
pressure sender 
e ls the resistance measured less than connector. 
5000 Ohms? 
NO Go to 4 
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Engine Oil Pressure Sender Circuit SH:CR (cont'd) 


TEST RESULT ACTION 


With the oil pressure sender connector 

uncoupled, short the power supply pin YES 
(G/K) to the earth pin (B). Measure the 

resistance between pins A4 and A6. 


Is the resistance measured less than 
5000 Ohms? NO 


Remove the instrument panel. Identify 

and uncouple wiring harness-to- YES 
instrument panel connector B. With the 

oil pressure sender connector uncoupled, 

measure the resistance between pin B2 

and a good vehicle earth. 


Is the resistance measured less than 


5000 Ohms? 
NO 
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Install a new 
instrument panel and 
recheck function. 


Locate and repair open 
circuit in power supply 
wire (G/K) between 
connector A and oil 
pressure sender 
connector. 


Locate and repair short 
Circuit to earth in signal 
wire (Y/S) between 
connector A and the oil 
pressure sender 
connector. 


Install a new Central 
Digital Display Module 
into the’ instrument 
panel (see page 14) 
and recheck function. 
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Figure 13 
Main Fuel Tank Level Sender Circuit 


1. Main Fuel Tank Level Sender 
2. Bulkhead Connector 1 
3. Harness-to-Panel Connector ‘A’ 


CONDITION 5: Main Fuel Tank Level Sender Circuit OPEN 
Instrument panel displays OPEN fault in main fuel tank level circuit (four left hand bars flashing) 


with the engine off and the key-start switch on. 
With reference to Figure 13. . 


TEST RESULT ACTION 


1. Inspect the wire connections at the main 
fuel tank level sender. YES Go to 2 


e Are the sender terminals and wire 


connectors clean and do they fit securely NO Rectify poor connec- 
together? tion and recheck 
function 
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Main Fuel Tank Level Sender Circuit OPEN (cont'd) 


TEST 


Remove the signal wire (G/B) attached 
to the main fuel tank level sender 
terminal and connect it to a good 
vehicle earth. 


Does the display indicate SH:CR? 


With the wire removed from the main 
fuel tank level sender, measure the 
resistance between the sender terminals. 


Is the resistance within the range 
shown? 

Full — 30 Ohms 

Empty — 250 Ohms 


Remove the instrument panel. Identify 
and uncouple wiring harness-to- 
instrument panel connector A. Earth the 
level sender wire to the frame or engine 
and measure the resistance between 
connector pins A3 and A6. 


Is the resistance measured less than 
10 Ohms? 


Clean wiring harness-to-instrument 
panel connector pins with contact 
cleaner spray, and apply a dielectric 
grease. (See page 15) Recouple 
connector A and turn key-start switch 
on. 


Does panel function correctly without 
OPEN fault display? 


RESULT 


YES 


NO 


YES 


NO 


YES 


NO 


YES 


NO 
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ACTION 


Go to 3 


Go to 4 


Locate and repair open 
circuit in sender earth 
wire (B) 


Renew sender’ and 
recheck function. 


Goto 5 


Locate and repair open 
circuit between 
connector A and 
sender. 


Install a new Central 
Digital Display Module 
into the’ instrument 
panel (see page 14) 
and recheck function. 
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CONDITION 6: Main Fuel Tank Level Sender Circuit SH:CR 
Instrument panel displays SH:CR fault in main fuel tank level circuit (four left hand bars flashing) “Sa 


with the engine off and the key-start switch on. 
With reference to Figure 13. 


TEST RESULT ACTION 


1. Remove the signal wire (G/B) attached 


to the main fuel tank sender. Move the YES Renew the main fuel 
terminal end of the wire out so that it is tank level sender and 
not touching any metallic parts of the recheck function. 


tractor. With the engine off and the key- 
start switch on; 


e Does the instrument panel display NO Go to 2 
OPEN? 


2. Remove the instrument panel. Identify 
and uncouple wiring harness-to- 


instrument panel connector A. With the YES Locate and repair short 
signal wire (G/B) from the main fuel circuit to earth in 
tank level sender removed, measure the wiring between 
resistance between connector pins A3 connector A and main 
and A6. fuel tank level sender. 
e \s the resistance measured less than NO Install a new Central 
5000 Ohms? Digital Display Module 


into the instrument 
panel (see page: 14) 
and recheck function. 
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Figure 14 
Auxiliary Fuel Tank Level Sender Circuit 


1. Auxiliary Fuel Tank Level Sender 
2. Bulkhead Connector 1 
3. Harness-to-Panel Connector ‘A’ 


CONDITION 7: Auxiliary Fuel Tank Level Sender Circuit OPEN 


Instrument panel displays OPEN fault in auxiliary fuel tank level circuit (four right hand bars — 
flashing) with the engine off and the key-start switch on. 
With reference to Figure 14. 


TEST RESULT ACTION 


1. Inspect the wire connections at the 


auxiliary fuel tank level sender. YES Go to 2 

e Are the sender terminals and wire NO Rectify poor connec- 
connectors clean and do they fit securely tlon and_- recheck 
together? function. 
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Auxiliary Fuel Tank Level Sender Circuit OPEN (cont'd) 


TEST 


Remove the signal wire (G/S) attached 
to the auxiliary fuel tank level sender 
terminal and connect It to a good 
vehicle earth. 


Does the display indicate SH:CR? 


With the wires removed from the 
auxiliary fuel tank level sender, measure 
the resistance between the sender 
terminals. 


Is the resistance within the range 
shown? 

Full — 30 Ohms 

Empty — 250 Ohms 


Remove the instrument panel. Identify 
and uncouple wiring harness-to- 
instrument panel connector A. Earth the 
level sender wire to the frame or engine 
and measure the resistance between 
connector pins Ad and A6. 


Is the resistance measured less than 
10 Ohms? 


Clean wiring harness-to-instrument 
panel connector pins with contact 
cleaner spray, and apply a dielectric 
grease. (See page 15) Recouple 
connector A and turn key-start switch 
on. 


Does panel function correctly without 
OPEN fault display? 


RESULT 


YES 


NO 


YES 


NO 


YES 


NO 


YES 


NO 
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ACTION 


Go to 3 


Go to 4 


Locate and repair open 
circuit in sender earth 
wire (B) 


Renew sender and 
recheck function. 


Go to 5 


Locate and repair open 
circuit between 
connector A_— and 
sender. 


Install a new Central 
Digital Display Module 
into the instrument 
panel (see page 14) 
and recheck function. 
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CONDITION 8: Auxiliary Fuel Tank Level Sender Circuit SH:CR 
Instrument panel displays SH:CR fault in auxiliary fuel tank level circuit (four right hand bars 


flashing) with the engine off and the key-start switch on. 
With reference to Figure 14. 


TEST RESULT ACTION 


1. Remove the signal wire (G/S) attached 


to the main fuel tank sender. Move the YES Renew the auxiliary 
terminal end of the wire out so that It Is tank level sender and 
not touching any metallic parts of the recheck function. 


tractor. With the engine off and the key- 
start switch on; 


NO Go to 2 

e Does the instrument panel display 
OPEN? 

2. Remove the instrument panel. Identify 
and uncouple wiring harness-to- YES Locate and repair short 
instrument panel connector A. With the circuit to earth’ in 
signal wire (G/S) from the auxiliary fuel wiring between 
tank level sender removed, measure the connector A and main 
resistance between connector pins Ad fuel tank level sender. 
and A6. 

e ls the resistance measured less than NO Install a new Central 
5000 Ohms? Digital Display Module 


into the’ tnstrument 
panel (see page 14) 
and recheck function. 
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Figure 15 
Engine Speed Sender Circuit 


1. Engine Speed Sender 4. Harness-to-Panel Connector ‘B’ 
2. Sender Connector 
3. Bulkhead Connector 1 


CONDITION 9: Engine Speed Sender Circuit OPEN 


Instrument panel displays OPEN fault in engine speed circuit. (RPM legend flashing). With the 
engine off and the key-start switch on. 
With reference to Figure 15. 


TEST RESULT ACTION 


1. Inspect the connector and terminals on 


the engine speed sender. YES Go to 2 
e Are the terminals clean and does the NO Rectify poor connec- 
connector fit securely to the sender? tion and recheck 
function. 
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Engine Speed Sender Circuit OPEN (cont'd) 


TEST RESULT ACTION 
2. Uncouple the connector from the engine 
speed sender. Measure the resistance YES Go to 3 
between the two terminals on the 
sender. 
NO Renew sender and 
e Is the resistance within the range recheck function. 


100-300 Ohms? 


3. With the connector removed from the 


speed sender, earth the signal wire YES Locate and repair open 
(W/S) to the frame or engine of the circuit in earth wire (B) 
tractor. between the sender 


andi tractor frame. 
e Does the display indicate SH:CR? 


NO Go to 4 


4. Remove the instrument panel. Identify 
and uncouple wiring harness-to- YES Go to 5 
instrument panel connector B. Earth the 
signal wire (W/S) at the sender 


connector to the tractor frame or engine. NO Locate and repair open 
Measure the resistance between circuit between 
connector pin B5 and a good vehicle comnector B- and 
earth. sender connector. 


e ls the resistance measured less than 
10 Ohms? 


5. Clean the wiring harness-to-instrument YES — 
panel connector pins with contact 
cleaner spray, and apply a dielectric 


grease. (See page 15) Recouple _ NO Install a new Central 
the connectors to the instrument panel Digital Display Module 
and turn key-start switch on. into the instrument 

| panel (see page 14) 

e Does the panel function correctly without and _ recheck function. 


OPEN fault displayed? 
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CONDITION 10: Engine Speed Sender Circuit SH:CR 


Instrument panel displays SH:CR fault in engine speed circuit. (RPM legend flashing). With the 
engine off and the key-start switch on. 
With reference to Figure 15. 


TEST RESULT ACTION 


1. Uncouple the connector from the engine 
speed sender. YES Renew the engine 
speed sender and 
recheck function. 


e Does the instrument panel display | 
OPEN? NO Go to 2 


2. Remove the instrument panel. Identify 


and uncouple wiring harness-to- YES Locate and repair short 
instrument panel connector B. With the Circuit to earth in signal 
connector removed from the engine wire (W/S) between 
speed sender, measure the resistance connector B-— and 
between pin B5 of connector B and a engine speed sender. 


good vehicle earth. 


e ls the resistance measured less than NO Install a new Central 
5000 Ohms? Digital Display Module 
into the instrument 

panel (see page 14) 

and recheck function. 
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Figure 16 
Tractor Ground Speed Sender Circuit 


1. Tractor Ground Speed Sender 3. Bulkhead Connector 3 
2. Sender Connector 4. Harness-to- Panel Connector ‘B’ 


CONDITION 11: Tractor Ground Speed Sender Circuit OPEN 


Instrument panel displays OPEN fault in tractor ground speed circuit. (MPH legend flashing). 
With reference to Figure 16. 


TEST RESULT ACTION 


1. Identify the tractor ground speed sender 
connector. YES Go to 2 


e Are the terminals clean and does the 


connector fit firmly together? NO Rectify poor connec- 
tion and_-— recheck 
function. 
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Tractor Ground Speed Sender Circuit OPEN (cont'd) 


TEST 


Uncouple the tractor ground speed 
sender. Measure the resistance between 
the terminals of the sender. 


Is the resistance within the range 
1000-3000 Ohms? 


With the tractor ground speed sender 
connector uncoupled, earth the signal 
terminal (YG) to the tractor frame or 
engine. 


Does the display indicate SH:CR? 


Remove the instrument panel. Identify 
and uncouple wiring harness-to- 
instrument panel connector B. Earth the 
terminal (YG) of ground speed sender 
connector to the tractor frame and 
measure the resistance between the 
frame and connector pin B7. 


Is the resistance measured less than 
10 Ohms? 


Clean wiring harness-to-instrument 
panel connector pins with contact 
cleaner spray, and apply a dielectric 
grease. (See page 15) Recouple 
the connector B and turn key-start 
switch on. 


Does panel function correctly without 
OPEN fault displayed? 
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RESULT 


YES 


NO 


YES 


NO 


YES 


NO 


YES 


NO 


ACTION 
Go to 3 


Renew the sender and 
recheck function. 


Locate and repair open 
circuit in the wiring 
between the connector 
and earth. 


Go to 4 


Goto 5 


Locate and repair open 
Circuit in wiring 
between connector B 
and the tractor ground 
speed sender con- 
nector. 


Install a new Central 
Digital Display Module 
into the instrument 
panel (see page 14) 
and recheck function. 


A RS (=, PT” (= |) mmm 


CONDITION 12: Tractor Ground Speed Sender Circuit SH:CR 


Instrument panel displays SH:CR fault in tractor ground speed circuit (MPH legend flashing). 
With reference to Figure 16. 


TEST RESULT ACTION 


Uncouple the tractor ground speed 
sender connector. With the engine off YES 
and the keystart switch on. 


Does the instrument panel display 
OPEN? 
NO 


Remove the instrument panel. Identify 

and uncouple wiring harness-to- YES 
instrument panel connector B. With the 

ground speed sender connector 

uncoupled, measure the resistance 

between connector pin B7 and a good 

vehicle earth. 


Is the resistance measured less than 
5000 Ohms? . NO 
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Renew the _ tractor 
ground speed sender 
and recheck function. 


Go to 2 


Locate and repair short 
circuit to earth = in 
wiring between 
comnector B and the 
tractor ground speed 
sender connector. 


Install a new Central 
Digital Display Module 
into the instrument 
panel (see page 14) 
and recheck function. 
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FUNCTION WARNING SYSTEM — 
FAULT FINDING IN SWITCH CIRCUITS 


The following function warning systems do not incorporate a self diagnostic 
feature: 


— Parking Brake Applied 

— Air Cleaner Restriction 

— Engine Coolant Temperature Switch 
— Engine Oil Pressure Switch 

— Transmission Oil Temperature 

— Transmission Oil Pressure 


The circuits for these systems are relatively simple and consist of a signal wire to the 
electronic instrument panel being opened or closed to earth by a switch to 
illuminate a warning light. 


Should any malfunction in these systems become apparent, a systematic series of 
continuity tests across the switch terminals, and along each component part of the 
switch-to-instrument panel signal wire must be conducted. 


The following test procedure will enable a fault in these circuits to be located and 
rectified. 


The wiring diagram colour code abbreviations are as follows: 


|(B) | BLACK 
|(G) | GREEN 
(kK) | PINK 
|(R) | RED 
| (S) | SLATEGREY 

(W) 


ki 
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Function Warning Switch Systems Test 


CONDITION: 

13. Parking brake warning light is inoperative. — Ref Figure 17 
14. Air cleaner restriction warning light is inoperative. — Ref Figure 18 
15. Engine coolant temperature warning light is inoperative. — Ref Figure 19 
16. Engine oil pressure warning light is inoperative. — Ref Figure 20 
17. Transmission oil pressure warning light is inoperative. — Ref Figure 21 
18. Transmission oil temperature warning light is inoperative. — Ref Figure 22 


COMMON TEST PROCEDURE FOR ALL OF THE SWITCH CIRCUITS 


TEST RESULT ACTION 


1. Uncouple the switch connector. Earth 
the signal wire. (Table 1, column 4) to YES Go to 2 
the tractor frame. 


e Does the warning light illuminate? NO Go to 3 


2. Check the earth path of the switch 
(Table 1, column 1). YES Renew the switch and 
recheck function. 
e ls the resistance less than 10 Ohms? 


NO Locate and repair the 
open circuit between 
the switch and the 
earth point (Table 1, 
column 2). 


3. Remove the instrument panel. Identify | 
and uncouple corresponding wiring YES Go to 4 
harness-to-instrument panel connector. 
Earth the signal wire at switch (Table 1, 


column 4) to the tractor frame. Measure NO Locate and repair the 
the resistance between the signal pin open circuit in wiring 
(refer to Table 1, column 3) and the between the switch 
tractor frame. connector and_ the 
harness-to-instrument 

e ls the resistance less than 10 Ohms? panel connector. 
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Function Warning Switch Systems Test (cont'd) 


4. Clean wiring harness-to-instrument 
panel connector pins with contact 
spray, and apply a dielectric grease. YES — 
(See page 15) Recouple the harness-to- 
instrument connector. Remove the signal 
wire at the switch (Table 1, column 4) 


and earth it to the tractor frame. NO Renew the: warning 
e Is the warning light illuminated? bulb. Go 10:9. 
5. Is the warning light illuminated? YES — 
NO Renew the light 
module and recheck 
function. 


® 


Function Switch Measure the resistance Repair the open circuit 
Concerned between a good tor pins 
vehicle earth and ... 


Parking Brake the switch earth terminal. Check earth wire (B). 


Air Cleaner .the switch earth terminal. Check earth wire (B). 

Engine Coolant Temperature | ..the switch body. Clean the switch thread. 

Engine Oil Pressure ..the switch body. Clean the switch thread. 

Transmission Oil Pressure ..the earth terminal of the Check earth wire (B). 
switch connector. 

Transmission Oil Tem- 

perature ..the switch body. Clean the switch thread. 


Table 1 


Figure 17 
Parking Brake Warning Switch Circuit 


1. Parking Brake Warning Switch 2. Roof Connector 3. Harness-to-Panel Connector ‘D’ 


SWITCH CLOSES WHEN HANDBRAKE IS APPLIED AND 
ILLUMINATES WARNING LAMP. 


7 
a 
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Figure 18 
Air Cleaner Restriction Switch Circuit 


1. Air Cleaner Restriction Switch 2. Bulkhead Connector 1 3. Harness-to-Panel Connector ‘C’ 


SWITCH CLOSES WHEN AIR FILTER IS RESTRICTED AND 
ILLUMINATES WARNING LAMP. 
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Figure 19 
Engine Coolant Temperature Switch Circuit 


1. Engine Coolant Temperature Switch 2. Bulkhead Connector 1 3. Harness-to-Panel Connector ‘D’ 


SWITCH CLOSES AT HIGH COOLANT TEMPERATURE TO 
ILLUMINATE WARNING LAMP 


Figure 20 
Engine Oil Pressure Switch Circuit 


1. Engine Oil Pressure Switch 2. Bulkhead Connector 1 3. Harness-to-Panel Connector ‘D’ 


SWITCH CLOSES AT LOW PRESSURE TO ILLUMINATE WARNING LAMP 
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Figure 21 
Transmission Oil Pressure Switch Circuit 
1. Transmission Oil Pressure Switch 3. Bulkhead Connector 3 4. Harness-to-Panel Connector ‘C’ 


2. Switch Connector 


SWITCH CLOSES AT LOW PRESSURE TO ILLUMINATE WAR NING LAMP 


Figure 22 
Transmission Oil Temperature Switch Circuit 


1. Transmission Oil Temperature Switch 2. Bulkhead Connector 3 3. Harness-to-Panel Connector ‘C’ 


SWITCH CLOSES AT HIGH TEMPERATURE TO ILLUMINATE WARNING LAMP 
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E. ELECTRONIC INSTRUMENT PANEL— TRACTOR BUILD 
PROGRAMME SELECTION 


Figure 23 
Programme Selector Switches 


Should it be required to install a replacement 
electronic instrument panel to a vehicle, it will 
be necessary to- position the programme 
selector switches to make the electronic 
functon monitoring system compatible with 
the vehicle build. 


The four switches are located underneath a 
black rubber grommet in the back of the 
instrument panel, Figure 23. 


The position of Switches 1 and 2 determine the 
readout of PTO speed relative to engine speed, 
which differs between the TW Series tractor 
models. 


Switch 3 position programmes the instrument 
panel to accept one or two inputs from fuel 
tank level senders depending if an auxiliary fuel 
tank is fitted. 


Switch 4 changes the digital display units 
between imperial and metric, i.e. from MPH to 
Km/h speed display, dependent upon operator 
requirements. 


The switch positions required to suit specific 
tractor models and options are summarised in 
the following table: 


ELECTRONIC INSTRUMENT PANEL— PROGRAMME SELECTOR 
SWITCH POSITIONS 


TRACTOR MODEL 
~ AND OPTIONS 


OPEN 
CLOSED 


TW-5,TW-15,TW-25 
TW-35 


ONE FUEL TANK 
TWO FUEL TANKS 


IMPERIAL (MPH) 
METRIC (Km/h) 


SWITCH NO. 


CLOSED 
OPEN 


OPEN 
CLOSED 
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F. ELECTRONIC INSTRUMENT PANEL-— SPECIFICATIONS 


TORQUE SPECIFICATIONS 


Component 


Electronic Instrument Panel Attachment Screws 


Ground Speed Sender 


Auxiliary Fuel Tank Sender Attachment Screws 


Parking Brake Warning Switch Attachment Bolt 


Regulator Attachment Screws 

Engine Coolant Temperature Sender 
Engine Oil Pressure Sender 

Engine Coolant Temperature Switch 
Transmission Oil Temperature Switch 
Engine Oil Pressure Switch 

Main Fuel Tank Sender Attachment Screws 
Engine Speed Sender Nut 

Transmission Oil Pressure Switch 


Air Cleaner Restriction Switch 


DIELECTRIC GREASE — 
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Torque 

18.0 Ibf.in 2.0 Nm 
32.0 Ibf.ft 44.0 Nm 
40.0 Ibf.in 4.5 Nm 
27.0 Ibf.in 3.0 Nm 
45.0 Ibf.in 5.0 Nm 
22.0 Ibf.ft 30.0 Nm 

9.0 Ibf.ft 12.0 Nm 
22.0 Ibf.ft 30.0 Nm 
22.0 Ibf.ft 30.0 Nm 
22.0 Ibf.ft 30.0 Nm 
22.0 Ibf.in 2.5 Nm 

9.0 Ibf.ft 12.0 Nm 
90.0 Ibf.in 10.0 Nm 
~ 72.0 Ibf.in 8.0 Nm 
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PERFORMANCE MONITOR 


Section Page 

A. PERFORMANCE MONITOR — 

DESCRIPTION AND OPERATION 1 
B. PERFORMANCE MONITOR — 

INSTALLATION KIT 4 
C. PERFORMANCE MONITOR — 

PROGRAMMING AND CALIBRATING 9 
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A. PERFORMANCE MONITOR -— DESCRIPTION AND OPERATION 


The optional Ford Tractor Mini-Performance SLIP —Wheel slip in percent (%) with alarm. 
Monitor, Figure 1, for two-wheel or four- 
wheel drive TW series tractors automatically 
commences to work as the key-start switch Is 
turned on. The system consisting of four 
principal components; Console, Radar (true DIST 

CAL 
ground speed), Axle Sensor (wheel speed), 
and Implement Status Switch, allows the 
tractor operator to observe his BABA 
tractor/implement operations by displaying 
the following functions: 


ier METRIC ae ani 


AREA/HOUR — Acres (or hectares if metric 
units are selected) per hour forecast based on 
the last five seconds of operation. 


TIME — Time of day with alarm. 


AREA -— Total accumulated acres or hectares Figure 1 
since last RESET. Mini— Performance Monitor 
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Figure 2 
Control Console 


COMPONENTS: 


1. Control Console 


The Performance Monitor console, Figure 2, 
is installed in the electronic instrument 
cluster and features a liquid crystal display 
(LCD) which is backlit for night visibility, 
and four multiple function touch switches. 
The LCD display contains a four digit readout 
and prompting messages to inform the 
Operator of the value and function being 
displayed. The four touch switches are used 
in the SET-UP mode to enter constants into 
the console memory and in the OPERATE 
mode to select the desired function to be 
displayed. 


All SET-UP constants and_ function 
measurement accumulations are stored in 
non-volatile memory. This memory is not lost 
when the tractor key-start switch is turned off 
or the tractor battery is removed. 


Figure 3 
Radar Ground Speed Sensor 


The Performance Monitor LCD is active when 
the tractor key-start switch is on. However, the 
TIME function clock continues to keep time 
(without display) through the use of power 
wiring directly from the tractor battery. 


2. Radar Ground Speed Sensor 


The radar ground speed sensor, Figure 3, is 
installed on the tractor to provide the electronic 
instrument cluster with a true ground speed 
input. This sensor signal is shared with the 
Performance Monitor to provide a true ground 
speed reference so computations of wheel slip 
and area can be made and then displayed for 
the operator. 


The radar unit Is located in a position on the 
tractor to ensure that: 


— the face has an unobstructed view of the 
ground. 


— the sensor is away from heat sources. 


Figure 4 
Implement Status Switch 


water/oil does not drip on the face of the 
unit or in front of it. 


the location is protected from stubble and 
possible debris. 


the sensor is facing rearward to aid in 
protecting the face from physical abuse. 


the position is as vibration free as possible. 
Excessive vibration may cause inaccurate 
speed readings. 


the sensor cable connected to the tractor 
electrical harness is routed to avoid 
chafing, and is securely clipped. 


Figure 5 
Wheel Speed Sensor 


3. Implement Status Switch 


The implement status switch, Figure4, is 
installed at a location on the 3-point hitch or 
on the towed implement where it can indicate 
to the control console whether the implement 
is in or out of work, (implement up or down). 


4. Wheel Speed Sensor 
(already installed on tractor) 


The control console requires an input which is 
related to wheel speed and this is achieved by 
using a sensor. 


The wheel speed sensor, Figure 5, is located on 
the left-hand side of the transmission housing 
and senses rotational speed from the splines of 
the transmission output gear coupling. 


This rotational speed, when the tractor is 
travelling, is fed to the control console where it 
is used to compute percentage wheel slip. 
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B. PERFORMANCE MONITOR -— INSTALLATION KIT 


The performance monitor kit comprises the following items:- 


Description Quantity 
Performance Monitor Control Console 1 
Radar Speed Sensor 7 | 1 
Radar Mounting Bracket 1 
Implement Status Switch | 1 
Lever 1 
Spring 1 
Hook 1 
Chain 1 
Warning Decal 1 
Hose 4 
~ Sleeve | 1 
Bolt 3/4-10 x 1.3/4 in 2 
Nut 3/4-10 2 
Lockwasher 3/4 in 2 
Bolt 1/4-20 x 4 in 4 
Bolt 1/4-20 x 3/4 in 2 
Nut 1/4-20 4 
Flatwasher 1/4 in 4 
Cable Strap 6 
Self-Adhesive Wiring Clip 3 


The kit items should be identified and checked NOTE: 7he Radar Speed Sensor provided in 

against the kit listing. the kit will have a different operating signal 
frequency for legal compliance in the country 
of usage. Ensure the Performance Monitor 
installation kit contains the correct Radar 
Speed Sensor. 
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Figure 6 
Radar Speed Sensor Installation 


3/4—10 Nut 

Tractor Frame Member 
Radar Speed Sensor 
Drain Hose Extension 
Sensor Mounting Bracket 
1/4—20 x 4 in. Bolt 


INSTALLATION 


With reference to Figure 6: 


1 


2 


Secure the Radar Speed Sensor the 
mounting bracket with the 1/4-20 x 4 
in. bolts, flat washers and nuts. Tighten 
the bolts to 35 Ibf.in (4.0 Nm). 


Use the 3/4-10 x 1.3/4 bolts, lock- 
washers and nuts to attach the mounting 
bracket against the inner surface of the 
right-hand frame member. There are six 
3/4 in. holes in the frame member of which 
the centre two should be used. Tighten the 
bolts to 280 Ibf.ft (410 Nm). 


7. 3/4-10 x 1.3/4 in. Bolt 
8. Battery 
9. Evaporator Drain Hose 
10. Sensor Cable 
11. Cable Strap 
12. Sleeve 


3. If the tractor is equipped with Air 
Conditioning the right-hand evaporator 
drain hose must be extended, using the 
sleeve and hose from the kit, to a position 
ahead of the Radar Speed Sensor, Figure 6. 


4. Secure the Radar Speed Sensor cable, and 
evaporator drain hose (where fitted) to the 
upper inside edge of the right-hand frame 
member, using three cable straps. 


NOTE: When securing the evaporator drain 
hose, do not over-tighten the cable straps 
which will cause the tube to collapse. 


Figure 7 
Steering Column Grommet 


Radar Sensor Cable Aperture 


Route the Radar Speed Sensor cable 
behind the starting motor and over the 
hood support bracket, securing in place 
with a cable strap. Run the cable adjacent 
to the main rear wiring harness, through 
the steering column grommet, Figure 7, 
and into the area beneath the instrument 
panel. 


Remove the four socket-head screws 
securing the instrument panel to the 
console. Withdraw the panel and uncouple 
the four harness-to-panel connectors. 
Remove the instrument panel from the 
tractor. 


Remove the four screws from the Central 
Digital Display Module securing frame, 
Figure 8. Lift the module and frame clear 
of the instrument panel and snap out the 
filler panel to the right-hand side of the 
central digital display. 


WON 
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Figure 8 
Performance Monitor Console Installation 


Central Digital Display Module and Locating 
Frame 

Instrument Panel 

Performance Monitor Console 

Frame Attaching Screw 


Install the performance monitor control 
console into the instrument panel, Figure 
8. Re-assemble the Central Digital 
Display Module and securing frame to 
the instrument panel. 


Re-couple the four harness-to-instrument 
panel connectors and couple the eight pin 
performance monitor connector to its 
mating connector on a spur of the rear 
main harness. 


10. Connect the Radar Speed Sensor plug into 


the socket on the rear of the Central 
Digital Display Module, Figure 9. 


—_ 


11. 


12. 


13. 


14. 


—— 
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Figure 9 
Instrument Panel— Rear View 


Ground Speed Calibration Knob 
Radar Socket 


Turn the tractor key-start switch to ‘ON’. 
Press and hold down the ground speed 
selector switch for at least five seconds; the 
ground speed calibration number will be 
displayed. When a performance monitor is 
installed the ground speed calibration 
number must be set to ‘85’ by rotating the 
ground speed calibration knob, Figure 9. 


Install the instrument panel to the console 
and tighten the four socket-head securing 
screws to 18 Ibf.in (2.0 Nm). 


Lift the cab floor mat behind the operators 
seat, then mark out and drill two 0.3 in (7.2 
mm) diameter holes in the rear right-hand 
corner of the cab floor to the dimensions 
shown in Figure 10. 


Use the two 1/4-20 x 3/4 in. bolts and nuts 
to secure the implement status switch to 
the underside of the cab floor. Torque the 
bolts to 75 Ibf.in (8.4 Nm). 


— 


15. 


A 


N 


2.40in 
(61.0mm) 


1.75in 
(44.0mm) . 


1.38in 
(35.0mm) 


Figure 10 
Implement Status Switch 
Mounting Hole Locations 


To Front of Tractor 
Rear Right-Hand Corner of Cab Floor 
Mounting Holes 7.2mm Diameter 


Remove the bolt and washer from the right 
hand side of the hydraulic cover cross 
shaft. Use the bolt and washer to loosely 
clamp the lever to the cross shaft, parallel to 
the lift arm, Figure 11. 


16. Assemble the spring and ‘S’ hook to the 


17. 


18. 


implement status switch. 


With the lift arms in a fully raised position 
install a suitable length of chain to extend 
the free length of the spring by up to 0.25 
in (6.4 mm). Discard the excess chain. 
Fine adjustments to the spring length can 
be made by turning the lever. 


When the spring dimension is correct 
tighten the cross shaft bolt to 60.0 Ibf.ft 
(78.0 Nm). Recheck the spring dimen- 
sion. 
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Aa WARNING a 


To avoid possible eye 
damage from micro- 
wave signals emitted 
by this radar sensor. 
do not look directly 
into sensor faces. 


atl 


Figure 11 Figure 12 
Implement Status Switch Setting Procedure Radar Warning Decal Location 
1. Spring 4. Chain 
2. Lift Arm 5. ‘S’ Hook 
3. Bracket 6. Switch 


19.The implement status switch wiring 20. Secure the implement status switch cable 


connects to a lead which its taped to the to the underside of the cab floor with the ” seine 
trailer electrical socket wiring. Untape the self-adhesive clips. Clean the metal surface 
lead and make the following connections: with a suitable solvent to ensure good 
adhesion. 
Harness Wire Switch Wire 
Black to Black 21. Apply the warning decal to the Radar 
Red to Green mounting bracket, Figure 12. 


The red switch wire is not used and 
should be taped back against the switch 
wire. 


Ensure the connectors are soundly 
fastened. 


IMPORTANT: 70 avoid equipment damage if 
an arc welder is used on the tractor, or to an 
implement or equipment attached to the 
tractor, disconnect all power and ground leads 
which provide power for all elements of the 
Performance Monitor otherwise damage can 
result to electronic components. 
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C. PERFORMANCE MONITOR- PROGRAMMING AND CALIBRATING 


This procedure includes entering information 
into the console’s memory, calibrating the 
console to the ground speed sensor and 
calibrating the console to a nil wheel slip 
condition and setting alarm limits. 


If all the following information is not entered 
and the calibrations performed an “Err” 
(error) message will appear and the alarm 
will sound. Further information provided by 
the console may be inaccurate. The pro- 
cedure includes: 


— Entering the measurement units (English 
or Metric) 


— Entering the Implement Width 


— Pre-setting AREA accumulation 


— Entering Time of Day 


— Entering Time of Day Alarm 


— Entering Slip Alarm 


— Entering DISTance CALibration number. 


OPERATOR CONTROLS 


The operator controls on the front panel of the 
Performance Monitor console consists of four 
pressure sensitive switches. Each valid switch 
closure is accompanied by a short “bleep” 
from the alarm. All four switches are multiple 
function switches, performing one function 
during the OPERATE Mode and another 
function during the SET UP Mode. All switch 
functions are colour coded to define between 
the OPERATE and SET UP modes. The 
switch labels in blue letters are SET UP 
functions and the labels in white are 
OPERATE functions. 


Figure 13 
Performance Monitor Controls 


SWITCH DESCRIPTIONS 


SET UP—AREA/HR 


This switch is used to select the mode of 
operation of the console. If the console is in 
the OPERATE mode, momentarily 
pressing this switch causes the display to 
show AREA/HR function. Holding the 
switch closed for approximately three 
seconds causes the console to enter the 
SET UP mode (SET UP displayed in upper 
right corner of LCD). In the SET UP mode 
momentarily depressing this switch causes 
the display to increment through the 
constants. Holding the switch depressed 
for three seconds returns the console to 
OPERATE mode. 
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ON/OFF -—TIME 


This switch is used in the OPERATE mode 
to display the time of day function. In the 
SET UP mode it is used to start the 
accumulation of the DIST CAL number 
and stop the accumulation at the end of the 
course. Also, it is used in the DIST mode to 
start and stop the distance counter 
function, and to turn the alarms ON and 
OFF. 


DIGIT SET— RESET SLIP 


This switch is used in the OPERATE mode 
to display the percentage of wheel slip. If it 
is held depressed for approximately three 
seconds it will zero the wheel slip function. 
In the SET UP mode, DIGIT SET function 
sets the flashing digit in the display to the 
desired value (O—9). When in the DIST 
function (counter), the switch resets the 
display to zero. Sets the console for either 
English or Metric measurements. 


DIGIT SEL— RESET AREA 


This switch is used in the OPERATE mode 
to display the AREA function, also when 
AREA is being displayed, momentarily 
pressing will simulate the implement UP 
function. Holding the switch depressed for 
approximately three (3) seconds will cause 
the AREA display to reset to zero. In the 
SET UP mode, DIGIT SELect function, 
selects the digit in the display which can be 
changed (selected digit is flashing). When 
in the DIST function (distance counter), 
resets the display to zero. 
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SET UP MODE 


All function set up constants and function 
measurement accumulations are stored in a 
non-volatile memory. Whenever a selected 
function is detected to contain an invalid 
number due to a non-volatile memory read 
error or time-of-day clock read error, the LCD 
will display “Err” when the failed function 
message and SET UP flashes independently; 
except SET UP does not flash for Area function 
errors. This diagnostic test occurs when the 
tractor key-start switch is first turned on. 


To enter the SET UP Mode, press and hold the 
SET (AREA/HR) switch for approximately 
three seconds. The console entering the SET 
UP mode will be accompanied by a short 
“bleep” on the alarm and the display message 
SET UP. The SET UP (AREA/HR) switch is 
also used to sequentially select and display the 
programming information required by each 
Operating function. The following is a list of the 
programming information, in sequential order, 
that is displayed in the SET UP mode. 


Units of measure 
WIDTH (Implement) 
AREA (Pre-setting) 
TIME 

TIME ALARM 

SLIP ALARM 

DIST CAL 

DIST (Distance Counter) 


ONAOAARWN> 


i eas: (LAPT ER 7 ae 


METRIC 


Figure 14 


1. ENTERING UNITS OF MEASURE 


The Performance Monitor can be SET UP for 
English or Metric units of measure. This ts 
accomplished in the SET UP mode as follows: 


— With reference to Figure 14: If SET UP 
message is displayed and the rest of the 
display is blank, the units of measure are in 
English. Momentarily pressing the SLIP 
switch will cause the METRIC message to 
appear on the display. With METRIC 
displayed, the units of measure for the 
system are in metric. 


— Using the SLIP switch enter the desired 
units of measure. 


— Momentarily depress SET UP (AREA/HR) 
switch; the display will increment to the 
next function to be set up. 
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Figure 15 


2. ENTER IMPLEMENT WIDTH 


To ensure area information is correct it is 
necessary to measure the implement working 
width to the nearest tenth of a foot (hundredth 
of a metre). 


— With reference to Figure 15: The SET UP 
message and WIDTH message along with 
four zeros or the last entered value of width 
will be shown on the display. Resolution is 
One tenth of a foot (one hundredth of a 
metre. ) 


— Using the DIGIT SELect and DIGIT SET 
switches enter implement working width. 


— Momentarily depress SET UP (AREA/HR) 
switch; the display will increment to the 
next function to be set up. 
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Figure 16 


3. ENTER AREA VALUE 


The area counter can be set to a new value 
using the DIGIT SELect and DIGIT SET 
switches. If the AREA value is less than 100 
acres (or hectares for metric.display), the preset 
value will be limited to a maximum of 99.99 
acres (or hectares for metric display). If the 
AREA value is greater than 100 and less than 
1000, the preset value will be limited to a 
maximum of 999.9 acres (or hectares for metric 
display). If the AREA value is greater than 
1000, the preset value will be limited to a 
maximum of 9999 acres (or hectares for metric 
display). 


— With reference to Figure 16: The SET UP 
message and AREA message along with 
four zeros or the last value of AREA will be 
shown on the display. 


Using the DIGIT SELect and DIGIT SET 
switches set the display to the desired 
value. 


Momentarily depress SET UP (AREA/HR) 
switch; the display will increment to the 
next function to be set up. 
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Figure 17 


4. ENTER TIME OF DAY 


The Performance Monitor contains a Time of 
Day clock with alarm. To set the clock proceed 
as follows: 


— With reference to Figure 17: The SET UP 
message and TIME message along with 
the hour digit(s) and A (A.M.) or P (P.M.) 
will be shown on the display. 


Set the hour value using the DIGIT SET 
switch to advance hours sequentially 1 
through 12 A.M. and 1 through 12 P.M. 
Continuous depression of the switch will 
cause the display digits to increment 
automatically. Time accumulation is 
stopped whenever the Time of Day clock 
is reprogrammed. This is denoted by the 
flashing colon. 


Set the minutes value by first selecting the 
minutes display with the DIGIT SELect 
switch and then advance the value using 
the DIGIT SET switch (0 through 59). 


Momentarily depress SET UP (AREA/HR) 
switch to start the clock and increment the 
display to the next function to be set up. 


Figure 18 


ENTER TIME ALARM 


With reference to Figure 18: The SET UP 
message and TIME ALARM message 
along with the hour digit(s) and A (A.M.) 
or P (P.M.) will be shown on the display. 


Set the alarm hour value using the DIGIT 
SET switch to advance hours sequentially 
1 through 12 A.M. and 1 through 12 P.M. 


Set the alarm minutes value by first 
selecting the minutes display with the 
DIGIT SELect switch and then advance 
the value using the DIGIT SET switch (0 
through 59). 


If no alarm is desired, use the ON/OFF 
(TIME) switch to disable the alarm. Alarm 
is disabled when the display shows OFF. 


Momentarily depress SET UP (AREA/HR) 
switch to increment the display to the next 
function to be set up. 
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6. 


Figure 19 


ENTER SLIP ALARM 


With reference to Figure 19: The SET UP 
message and SLIP ALARM message and 
two digits showing the last entered SLIP 
ALARM is shown on the display. 


Using the DIGIT SELect and DIGIT SET 
switches enter the percentage of SLIP at 
which the alarm is to sound. 


Momentarily depress SET UP (AREA/HR) 
switch to increment the display to the next 
function to be set up. 


If no alarm is desired, use the ON/OFF 
(TIME) switch to disable the alarm. Alarm 
is disabled when the display shows OFF. 


Ts PART 3S—ELECTRICAL SYSTEMS ieee 


Figure 20 


7. ENTER DIST CAL 


The DIiSTance CALibration number matches 


the console to the ground speed sensor 


(Radar). The ideal value for the Calibration 
Number is ‘85’. To determine the DIST CAL 
number proceed as follows: 


— Measure a 400 ft. (122 metre) course 
(preferably on level ground) as accurately 
as possible. Mark the start and finish so it 
will be plainly visible from the vehicle cab 
when driving past. 


NOTE: 7he accuracy of the measured 400 
ft. (122 metre) course is very important 
since this calibration number fs used by the 
console in all computations involving area 
and distance. 
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Figure 21 


With reference to Figure 20: The SET UP 
message and DIST CAL message along 
with three digits will be shown on the 
display. 


Slowly (about 5 MPH; 8 kph) drive up to 
start of marked course; keep speed steady 
throughout course. When even with start 
marker, press the ON/OFF (TIME) switch, 
three dashes should be shown on display, 
Figure 21. 


When even with finish marker, press the 
ON/OFF (TIME) switch. The dashes will 
clear and a three-digit Ground Speed 
Calibration Number will appear on the 
display. Record this number for future 
reference. If the number is not ‘85’ the 
new Ground Speed Calibration Number 
must be entered into the Central Digital 
Display Module. see Page 7. 


Momentarily depress SET UP (AREA/HR) 
switch to increment the display to the next 
function to be set up. 
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ON/OFF 
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| TIME 


Figure 22 


8. DISTANCE CALIBRATION 
VERIFICATION 


Test accuracy of DIST CAL number by using 
console as a distance counter. 


NOTE: /t is recommended that a different 
400 ft. (122 metre) course be measured and 
used to check the above DIST CAL accuracy. 
This is necessary to assure that the 
measurement of the above calibration course is 
accurate. 


— Measure a 400 ft. (122 metre) course as 
accurately as possible. 


— With reference to Figure 22: The SET UP 
message and DIST message along with 
four zeros are shown on the display. !f four 
zeros are not shown, reset the display by 
pressing either RESET (AREA) or RESET 
(SLIP) switch. 


— Drive towards start of marked course at 5 
MPH (8 kph). When even with start 
marker, press the ON/OFF (TIME) switch. 
The console will begin counting feet 
(metres). 
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— When even with the finish marker, press 
the ON/OFF (TIME) switch. 


The displayed value should be 400+4 
(122+1). If display reading is within 
tolerance, the DIST CAL procedure was 
performed correctly. If display reading is 
not within tolerance, repeat above check. If 
reading is still out of tolerance the DIST 
CAL procedure will have to be performed 
again and then the accuracy rechecked. 


Enter the operate mode by holding the SET UP 
(AREA/HR) switch depressed _ for 
approximately three (3) seconds. The SET UP 
message will disappear as the console enters 
the OPERATE mode. 


CALIBRATE CONSOLE TO ZERO WHEEL 
SLIP CONDITION 


After the programmed information is entered 
into the console memory and prior to 
operation, the console has to be calibrated to a 
zero reference wheel slip condition. Once the 
zero reference is obtained the Performance 
Monitor will give an accurate indication of 
wheel slip during field operation. The 
procedure to calibrate the console to a zero 
wheel slip condition is as follows: 


— Drive the tractor with the implement up, 
preferably over similar or the same type of 
ground the tractor will be operating in, at 
normal speed and gear. This will determine 
the minimum slippage over that ground 
with the tractor operating light and provide 
the console with a minimum wheel slip to 
use as a reference point. 


— While the tractor is moving, press and hold 
the SLIP (RESET) switch — for 
approximately three seconds or until a- 
short “bleep” is heard from the alarm. The 
display should show “0”. 


The console is now calibrated to a 
minimum wheel slip condition. 
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OPERATIONAL NOTES 


SYSTEM CHECKS 


The Performance Monitor features an internal 
self-check that is performed each time the unit 
is turned on. The console will briefly display all 
messages, all segments of the four digit display 
and sound the alarm. After the self-check is 
passed, the console enters the operate mode, 
time of day function. 

lf the battery has recently been disconnected 
the Time of Day function will show the ‘Err’ 
(error) message and the “TIME”, message 
will flash. 


TIME OF DAY ALARM 


The TIME ALARM display message will flash 
and the audio alarm will sound continuously 
for five minutes, unless shut off by momentarily 
depressing the ON/OFF (TIME) switch. 
Depressing this switch also results in Time of 
Day being displayed. 


The alarm is active for five minutes maximum at 
which time it automatically turns off. The Time 
Alarm is de-activated when the tractor key- 
start switch is off. 


ZERO AREA COUNTER 


The area counter can be reset to zero by 
depressing the RESET (AREA) switch and 
holding it depressed for approximately three 
seconds or until the display shows zero. 


The area counter begins accumulating area in 
hundredth’s resolution and the decimal point 
increments automatically to allow a maximum 
reading of 9999 acres or hectares at which time 
it rolls over to 00.00 and_ continues 
accumulation. 
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IMPORTANT: After resetting area to zero, 
make certain the UP message is displayed 
when the implement is raised. | 


IMPLEMENT WIDTH 


Each time an implement is changed ensure the 
width is entered into the memory; if not, the 
AREA and AREA/HR readings will be 
inaccurate. 


Err DISPLAY 


lf information entered into the console is 
altered by any influence other than the 
operator, the ‘Err’’ (error) message will be 
displayed and the alarm will sound. The 
display message(s) of the altered location(s) 
will also be flashing. Enter SET UP mode and 
re-enter the information. 


ZERO WHEEL SLIP 


When different soil conditions are experienced 
it may be necessary to recalibrate the wheel slip 
ratio. Drive the tractor (with implement out of 
work) and while moving, press and hold the 
RESET (SLIP) switch for approximately three 
seconds or until a short “bleep” is heard from 
the alarm. The display reading should be zero. 


TRUE GROUND SPEED DISPLAY 


With the radar ground speed sensor connec- 
ted to the Central Digital Display Module, 
and with the Ground Speed Calibration 
Number correctly set, true ground speed in 
MPH or Km/h is displayed. 
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D. PERFORMANCE MONITOR- FAULT FINDING 


SYMPTOM POSSIBLE CAUSES REMEDY 


Loss of +12 VDC power. 


Check wiring harness and 
connectors between Instrument 
Panel and Performance 
Monitor. Check ignition switch 
+ 12 V connection. 


Display blank 


Install a new console and 
recheck function. 


Console defective. 


Recent loss of + 12 VDC Re-programme the Time of Day 
power Function. 


‘Err’ displayed 


Selected function is detected Re-programme the indicated 
to contain an invalid number. function. 


Console defective. Install a new console and 
recheck function. 


Turn tractor key-start switch to 
ON, Performance Monitor 
should power-up. Press RESET 
(AREA) switch, with AREA 
displayed, if UP message was 
displayed, it should clear. UP 
message should alternate on and 
off each time the switch is 
pressed. If so, check installation 
of implemement status switch. 
Ensure trip spring to implement 
status switch ts correctly 
stretched. 


Incorrect installation of 
implement status switch. 


No AREA 
accumulation or 
AREA/HR prediction 
or wheel slip 
indication 


Visually inspect implement 
status switch cable for damage. 
If damage is found, repair as 
described in Temporary Cable 
Repair 


Implement status switch input 
inhibited due to broken or 
damaged cable or because 
implement status switch is 
defective. 


Use the Electronic Instument 
Cluster to check out the 
operation ofAxle speed sensor. 
If operating correctly, check the 
wiring harness between the 
Instrument Panel and 
Performance Monitor. Check 
the connectors and make 
certain the pins are not pushed 
back. 


No axle speed input. 


Use the Distance measuring 
feature of the Performance 

Monitor to determine if the 
Radar is functioning. 


No radar speed input. 


Install a new console and 
recheck function. 


Console defective. 
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Figure 23 
Damaged Cable 


TEMPORARY CABLE REPAIR 


The following method to repair cables is a 
temporary expedient only. Cables should be 
replaced as soon as possible and especially if 
the repair is made to the cable extending from 
the radar velocity sensor. This cable is shielded 
and specially made to ensure accuracy. 
Replacement of temporary repaired cables 
with new is particularly important if the tractor 
is to be used for spraying as chemicals can 
enter the repaired area, travel up the cable and” 
damage electronic components. Do not 
attempt to repair the wire on any system 
sensors as these are sealed and should only be 
replaced with a new component. 


NOTE: When conducting a cable repair it is 
important to note that only resin cored solder 
should be used— use of any other type will 
cause damage. 


To carry out a temporary repair, proceed as 
follows: 
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1. 


Figure 24 
Repair Leads 


Locate damaged portion of cable, then cut 
away outer protective cover on both sides 
of the damaged area, Figure 23. 


Peel back the cable from both ends of the 
damaged area and carefully cut away the 
grey inner cable cover at the damaged area 
and strip about 1/2 inch of insulation from 
the wires. Do not cut away any wire 
strands. 


Using a suitable solvent, clean about 2 
inches from each cover end. Clean the grey 
cable cover and the individual leads. 


Twist two bare leads together for each 
damaged lead, being careful to match wire 
colours, then solder the leads using resin 
core solder. Tape each repaired lead with 
vinyl insulation tape, Figure 24. 


Figure 25 
Apply Sealant 


Wind a layer of vinyl insulation tape up to 
the grey cable cover at each end of the 
repaired section. Make a paper trough, 
Figure 25, then apply silicon rubber 
compound (non-hardening _ sealant) 
over the repaired section up to the cover 
ends. Sufficient silastic compound must 
be used to fill the ends of the loom. 


Allow the compound to cure then cover 
the area with insulation tape taking the 
tape well over each end of the repair. An 
overlap of at least 2 inches of tape at each 
end is necessary, Figure 26. 
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Figure 26 
Tape Over Repair 


= 


Check to ensure temporary cable repair is 
satisfactory and secure repaired cable so 
that repeat damage is avoided. 


NOTE: 7his is a temporary repair only. Ensure 
the damaged cable is replaced as soon as 
possible to prevent ingress of water or 
chemical. 
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E. PERFORMANCE MONITOR — SPECIFICATIONS 


RADAR FREQUENCY: 
U.K. Usage =: 24.3 GHz 


U.S.A. Usage — 24.125 GHz 
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PART 3 
ELECTRICAL SYSTEMS 


Chapter 8 
WIRING AND ELECTRICAL SYSTEM CHANGES 
AFTER OCTOBER 1985 


Section Page 
A. WIRINGAND ELECTRICAL SYSTEM CHANGES — 
DESCRIPTION 1 
B. WIRING AND ELECTRICAL SYSTEM CHANGES — 
OVERHAUL 7 
C. WIRING AND ELECTRICAL SYSTEM CHANGES— 
TRACTOR WIRING DIAGRAMS 1 


A. WIRING AND ELECTRICAL SYSTEM CHANGES — DESCRIPTION 


WIRING HARNESSES 
@ Cab Harness (Tractors with cab) 
The main wiring harnesses can be divided 
into five categories: @ Fender Harness (Tractors without 
cab) 
@ Main Rear Wiring Harness 


@ Main Front Wiring Harness The approximate locations of these har- 
nesses on tractors with and without cab 
@e Extension Harness are shown in Figures 1. 
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Figure 1 
Ford TW-25 and TW-35 — Electrical System 
Wiring Harness Locations 


A. Tractors Without Cab B. Tractors with De-luxe Cab 
L__] Main Front (59 Extension (585 Main Rear HB Cab GR Fender 
Harness Harness Harness Harness Harness 
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Figure 2 
Bulkhead Connector Identification 


1. Bulkead Connector No. 1 2. Bulkhead Connector No. 2 3. Bulkhead Connector No. 3 


Three large multipin connectors, Figure 2, e Engine Oil Pressure Switch and Sen- 
identified as Bulkhead Connectors 1, 2 and der 
3, are located under the rear end of the 


e Thermostart (where fitted 
front hood panel and link the Main Front © Ether Start ahet a fitted) 
and Extension Harnesses to the Main Rear e: Kavetar Switch 
Harness. Tractors fitted with a de-luxe cab ¥s 
have a similar connector situated under © Engine Speed Sender 
the front right-hand corner of the cabroof @ Starting Motor Solenoid 
which links the Main Rear Harness to the e Starting Motor 
Cab Harness. These connectors are conve- e Alternator 
nient points at which to conduct continuity ® Headlamps 
testing. Each individual connector pin is © De-icing Thermostat (where fitted) 
numbered and corresponds to the connec- ae 
tor pin numbers on the Tractor Wiring | Air Conditioning Compressor Clutch 
Diagram. (where fitted) : 
e Coolant Temperature Sender and 


Switch 


The Main Front Harness Assembly is Air Cleaner Restriction Switch 


@ 
routed along the lengthoftheenginecom- °® Horn 
partment and connects the following com- e = Battery 
ponents to the tractor electrical system: e® Fuel Level Sender 
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The Main Rear Harness Assembly is 
located principally below the instrument 
console and interconnects all other har- 
ness assemblies. Components linked to 
the Main Rear Harness are as follows: 


Multi-Function Switch 

Stoplamp Switch 

Dual Power Switch 

Ignition and Worklamp Relays 
Fusebox 

Cigar Lighter 

Four Wheel Drive Switch 

Instrument Panel, Gauges and Warn- 
ing Lights 

Hazard Warning Light Switch 

Light Switch 

Windscreen Washer Pump 

Trailer Lighting Socket 

Flasher Control Unit 

ISO/NASO Lighting Requirement 
Connectors 

e Safety Start Switch 


The Main Rear Harness is adaptable to 
comply with N. American vehicle lighting 
requirements. In a position beneath the 
instrument panel the harness incorporates 
two nine-pin connector sockets and one 
nine-pin connector plug. Dependent upon 
which connector socket is coupled to the 
common connector plug, operation of the 
multifunction switch causes the lighting 
to function as follows: 


e All Tractors except N. America. 


Red Connector Plug coupled to Red 
Connector Socket: 


Hazard warning lights flash, when 
switched, irrespective of key start 
switch position. Turn indicators flash, 
when switched, with key start switch 
in ‘ON’ position. 


e N. American Tractors Only. 


Red Connector Plug coupled to White 
Connector Socket: 


Slow moving vehicle lights flash, 
when switched, with key start switch 
in ‘ON’ position. Turn indicators flash 
on turn side, when switched, and 
opposing indicators illuminate con- 
tinuously. 


The Extension Harness Assembly lies 
across the top of the transmission housing 
and connects the following components 
to the tractor electrical system: 


Four Wheel Drive Solenoid 

Dual Power Solenoid 

Fuel Level Sender 

Axle Speed Sensor 

Alternator Regulator 

Transmission Oil Pressure Switch 
Transmission Oil Temperature Switch 


The Cab Harness Assembly is situated in 
the cab roof and connects all cab electrical 
equipment as follows: 


Side Lights 

Front and Rear Worklamps 
Licence Plate Lamp 

Blower Motor and Switch 
Thermostatic Switch (where fitted) 
Auxiliary Power Socket 
Windscreen Washer/Wiper Switch 
Radio and Speakers 

Clock 

Courtesy Light Switch 

Interior Lights 

Parking Brake Warning Switch 
Windscreen Wiper Motor 


For tractors without cab the Fender Har- 
ness has connections to: 


Implement Lamp (where fitted) 
Rear Lights 

Trailer Lighting Socket 

Side Lights 
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INSTRUMENTATION 


The instrument cluster, warning lights and 
controls are detailed in Chapter 6 ‘Electri- 
cal Instrument Panel’. 


HAND CONTROLS AND SWITCHES 
Key-start Switch 


All tractors have a five-position key-start 
switch. Turning the switch clockwise acti- 
vates the following: 


1. Electrical equipment ‘OFF’ 

2. Accessories ‘ON’ 

3. Warning lights and instruments ‘ON’ 
4. Thermostart heater ‘ON’ (where fitted) 
5. Starting motor operates 


Tractors may be equipped with the Ther- 
mostart cold weather starting aid which is 
effective in temperatures down to —18°C 
(0°F). The Thermostart consists of a heat- 
ing element installed in the inlet manifold. 
When operated by the key-start switch, the 
Thermostart will ignite fuel in the manifold 
prior to it entering the combustion 
chamber. 


WARNING: Do not use ether with 

the Thermostart. If, in an emer- 
gency, it is necessary to use ether with 
Thermostart installed, disconnect the ter- 
minal wire from the glow plug on the 
intake manifold and insulate the free end 
of the wire. 


Multi-Function Switch (de-luxe cab only) 
The stalk-type switch is mounted on the 
steering column. The switch operates the 
horn, turn signals and headlamp flash and 
is also used to select main or dipped beam. 


Press in the end of the stalk to actuate the 
horn. The stalk will operate the right-hand 
turn signal if moved clockwise and the left- 
hand turn signal if moved anti-clockwise. 
The turn signal warning light (and trailer 
lights, if connected), will also flash when 
the turn signals are operated. 


NOTE: North America only: The turn sig- 
nals will only operate if the hazard warning 
lights are switched on. 


With the headlights switched on, push the 
stalk downwards to select main beam. The 
blue warning light on the instrument panel 
will also illuminate. Pull the stalk back to 
the central position to select dip beam. 


Pull the stalk further back, against spring 
pressure, to flash the headlight main 
beam. The stalk will automatically return 
to the central, dip beam position when 
released. 


NOTE: 7he horn, headlight flash and turn 
signals will only operate when the key- 
start switch is turned on. 


Cigarette Lighter (de-luxe cab only) 

To operate, push the lighter knob fully in. 
The lighter will pop out when the electrical 
element has reached the correct tempera- 
ture. 


Hazard Warning Lights Switch 

Press the red section of the switch (triangle 
symbol) to operate all the turn signals 
simultaneously. The switch is internally 
illuminated and will flash in unison with 
the turn signals. 


NOTE: /n North America, hazard warning 
lights are used when driving on the public 
highway. When a turn signal is made, the 
lights on one side of the tractor will flash, 
indicating a turn, while the lights on the 
other side will burn continuously. 


LIGHTS 


The tractor lights are controlled by a 3-way 
rocker switch in the lower left-hand corner 
of the instrument panel. All lights are 
switched off in the rearward switch posi- 
tion. The centre position actuates the 
sidelights, and the forward position 
actuates the headlights. Selection of main 
or dipped beam is made by means of the 
stalk-type multi-function switch mounted 
on the left-hand side of the steering 
column. 


ees §=PART 3—ELECTRICAL SYSTEM 


To meet the many varied location and 
operational requirements, numerous 
supplementary lighting combinations are 
available from the following: 


Front Side Lights 

Rear Lights 

Utility Lights 

Turn Indicator Lights 
Hazard Warning Lights 
Stop Lights 
Worklamps 

Licence Plate Lights 


Work Lamps 

The front and rear work lamps are control- 
led by a 3-way rocker switch on the instru- 
ment panel. Selecting the forward switch 
position causes the front work lamps to 
illuminate, the centre position being off, 
and the rearward’ switch position 
illuminating the rear worklamps. Front 
and rear work lamps may be illuminated 
simultaneously by first moving the switch 
to the forward position then quickly to the 
rearward position. A capacitor which is 
charged when the front work lamps are 
switched on enables the front work lamp 
relay to remain latched momentarily, 
while the work lamp switch is moved to 
the rear work lamp position. Power from 
the rear work lamp relay then maintains 
the front work lamp relay in a latched con- 
dition. Both relays are earthed through a 
control relay, which opens when the light 
switch is moved to the off position causing 
both front and rear work lamps to be extin- 
guished. 


CAB ROOF ELECTRICAL CONTROLS 


Blower Control 

A three-speed blower is installed for the 
heater and/or air conditioner. Turn the 
switch clockwise to the first position for 
low speed. Further rotation of the switch 
in a clockwise direction selects medium 
and fast speed. 


Figure 3 
Cab Roof Electrical Controls (de-luxe cab) 


1. Blower Control 

2. Cab Interior Light — R.H. 

3. Cab Interior Light — L.H. 

4. Digital Clock 

5. Windscreen Wiper/Wash Control 


Windscreen Wiper/Washer 

Turn the switch clockwise to the first pos- 
ition to obtain slow wiper speed. Further 
rotation of the switch clockwise will select 
the fast speed. The wiper arm is self-park- 


ing. 


Push the switch in to operate the electric 
windscreen washer. 


Clock 
The 12 hour digital clock will only display 
with the key-start switch turned on. 


Under the display are two setting buttons. 
Hold in the left-hand button (h) to advance 
the hour display and the right-hand button 
(m) to advance the minute display. 


NOTE: /f the battery is disconnected for 
any reason, the clock will require re-set- 
ting. 
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B. WIRING AND ELECTRICAL SYSTEM CHANGES — OVERHAUL 


REMOVAL To avoid damage to the components of 
the alternator charging system, service 
Each wiring harness may be removed precautions must be observed as follows: 


independently. The removal procedures 
follow established techniques but certain 
precautions must be observed as follows: 
@ NEVER make or break any of the 
charging circuit connections, includ- 
e Disconnect the battery, negative ter- ing the battery, when the engine is 
minal first, prior to disconnection or running. 


removal of any wiring harness. 


e Prior to removal, note the harness 
routing, clamping positions and ter- 
minal connections. 


@ NEVER short any of the charging 
components to earth. 


e On replacement, ensure the harness 
routing and clamping is as specified 
and not in contact with sharp edges, 
the exhaust system or moving parts. 


e ALWAYS disconnect the battery earth 
cable before carrying out arc welding 
on the tractor or on any implement 
attached to the tractor. 


@e Check connections for wire colour 
matching (where applicable). 
e ALWAYS disconnect the battery earth 
cable when charging the battery in 


e Ensure all connectors are fully the tractor using a battery charger. 
engaged and no_ conductor is 
exposed. 


WARNING: Wear eye protection 
when charging the battery or start- 
ing the tractor engine witha slave battery. 


@ Tape back unused connectors. 


e Ensure ground connections are clean 
with metal-to-metal contact. Use 
toothed lock washers where 
specified. e Do not use a slave battery of higher 
than 12 volt nominal voltage. 


@ Ensure fuses are of the specified rat- 
ing. 
@ ALWAYS observe correct polarity 
when installing the battery or using 
@ Check the circuit current draw before a slave battery to start the engine. 
connecting power to the harness. 


@ Check polarity of the battery before CONNECT POSITIVE TO POSITIVE AND 
connecting power to the harness. NEGATIVE TO NEGATIVE. 
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Figure 4 
Fuse Replacement 
1. Fusebox 


FUSES 
Fuse Replacement 


The fusebox is located on a bracket which 
is bolted to the left hand side of the steer- 
ing column, below the control console, 
Figure 4. 


To gain access to the fuses pull off the 
plastic fuse box cover. 


There is provision for 24 fuses although 
only 21 circuits are protected; 3 fuses 
being spare. 


The fuses are numbered. Reference to 
Figure 5 and Table 1 will permit rapid iden- 
tification of the circuits they protect. 


NOTE: Fuse No. 8 protects the cab relay 
coil. Should this fuse fail, certain cab elec- 
trical equipment controlled by the key- 
start switch will become inoperative. 


Figure 5 
Circuit Fuse Locations 
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Figure 6 
Wiper Arm Removal 


1. Wiper Arm 
2. Latch 
3. Shaft Retaining Nut 


CAB ROOF MOUNTED SWITCHES — 


OVERHAUL 


REMOVAL 


1s 


Disconnect the battery. 


2. Remove the cab roof retaining bolts 
then lift the roof and support on the 
prop. 

3. Disconnect the heater control harness 
from the switches. 

4. Pull of the switch control knobs. 

5. Withdraw the retaining screws and 
remove the switch mounting bezel 
from within the cab. 

6. Remove the lock nut and washer and 
withdraw the switch. 

INSTALLATION 


Installation of the cab roof mounted 
switches follows the removal procedure 
in reverse. 
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Figure 7 
Windscreen Wiper Motor 
1. Wiper Motor Assembly 
2. Radio Interference Suppressor 
3. Support Bracket 
4. Wiring Connector 


WINDSCREEN WIPER MOTOR 
ASSEMBLY 


REMOVAL 


1. 


Disconnect the battery negative cable 
from the battery. 


On the outside of the cab, remove the 
wiper arm Figure 6, by pulling out on 
the wiper arm latch, and lifting arm 
off shaft. 


Unscrew and remove the drive spline 
retaining nut. 


Remove the two retaining bolts, lift 
and support the cab roof shell. 


Disconnect the wiper motor wiring 
connector, Figure 7. 


Unscrew and remove the two bolts 
securing the wiper motor support 
bracket to the cab frame. 
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Figure 8 
Windscreen Wiper Linkage 


1. Wiper Motor Assembly 
2. Support Bracket 

3. Securing Bolts 

4. Cab Frame 


7. Remove the cab interior headlining 
panel to gain access to the motor 
bracket securing bolts, Figure 8. 


8. From inside the cab, remove motor 
bracket bolts and remove bracket and 
motor as a unit. Remove the motor 
and linkage from the bracket. 


INSPECTION AND REPAIR 


1. Inspect the linkage and pivot points 
for wear or damage and replace if 
necessary. 


2. Examine the wiper arm pivot shaft 
splines and clean with a wire brush. 
Renew the pivot shaft if bent or the 
splines are damaged. 


3. Check and replace the motor if faulty. 
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Figure 9 
Armature End-Float Adjustment 


A. Clearance 1. Motor 


2. Gearbox 

3. Adjustment Screw 
4. Locknut 

5. Drive Worm 


Armature End Float Adjustment 


Excessive noise from the wiper motor 
assembly can be attributable to incorrect 
armature end-float adjustment. 


1. 


Remove the four bolts securing the 
cover plate to the wiper motor gear- 
box. 


With the drive worm pushed firmly 
back towards the motor, Figure 9, 
measure with feeler gauges the clear- 
ance between the end of the armature 
spindle and the tip of the adjustment 
screw. The clearance should be 0— 
0.001 in (O—0.025 mm). 


Should the end-float require adjust- 
ment, loosen the locknut and rotate 
the adjustment screw to achieve the 
correct clearance. Tighten the locknut 
and re-check the clearance. 


Install the gearbox cover plate and 
securing screws. 


IMPORTANT: Under no circumstances 
must the adjustment screw be tightened 
to preload the armature spindle. 
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INSTALLATION 


1. Installation of the windshield wiper 
motor assembly is the removal proce- 
dure in reverse. 


@ On installation ensure all mounting 
bolts and nuts are tightened to the 
correct torques, see ‘Specifica- 
tions’ — Chapter 5. Check the wiper 


and motor assembly for effective 
action and renew the wiper blade 
if worn or damaged. 


HEATER BLOWER MOTOR 


For heater blower motor overhaul see Part 
13, ‘Accessories and General’ — Chapter 6 
— Section B. 


C. WIRING AND ELECTRICAL SYSTEM CHANGES — TRACTOR WIRING DIAGRAMS 


The complete tractor wiring diagrams are shown at the end of Chapter 6 — ‘Electronic 
Instrument Panel’. Two isolated circuit diagrams are included to simplify fault finding 


in the following circuits: 


Circuit 


Worklamps (de-luxe cab) 


Air Conditioning (de-luxe cab) 


Fault finding for electrical systems should 
be carried out in a logical and methodical 
fashion. A few minutes spent understand- 
ing the system and analysing the com- 
plaint can save considerable time. 


Most systems can be thougnNt of as a signal 
from a sensor or switch to a warning light 
or alarm. The basis of fault finding is to 
locate the part or point at which the signal 
stops or becomes corrupted. 
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12 
13 


When checking the signal's passage 
through the system, it is usual to initially 
check that it is present at some point near 
the middle of the circuit. If it is present, 
continue checking towards the end, if it is 
not, go back towards the beginning until 
the signal is located. 


When making an electrical connection or 
measurement, ensure the contact is made 
on clean bare metal which is free from 
paint, dirt or grease. 
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CIRCUIT DIAGRAM 

WORKLAMPS (De-Luxe Cab) 
. Rear Worklight 8. Bulkhead Connector No. 2 
. Worklamp Switch 9. R.H. Front Worklamps 
. Trailer Socket 10. R.H. Side Lights 
. Main Light Switch 11. Relay No. 2 
. Rear Worklight 12. Relay No. 3 
. L.H. Side Lights 13. Relay No. 4 
. L.A. Front Worklamps 14. Capacitor 
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CIRCUIT DIAGRAM 
AIR CONDITIONING (De-Luxe Cab) 
1. Blower Motor 4. Clutch 
2. Ignition Relay 5. Thermostatic Switch 
3. De-icer Switch 6. Blower Switch 
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ELECTRICAL SYSTEMS 


Chapter 9 
FUSES and WIRING DIAGRAMS FOR FORD 8530, 
8630, 8730 and 8830 TRACTORS 


Section Page 
A. FUSES 1 
B. WIRING DIAGRAMS FORD 8530, 8630,8730 and 8830 WITH CAB 

and WITH ELECTRONIC INSTRUMENT PANEL 3 
C. WIRING DIAGRAMS FORD 8530, 8630,8730 and 8830 WITH CAB 

and WITH MECHANICAL INSTRUMENT PANEL 8 
D. WIRING DIAGRAMS FORD 8530, 8630,8730 and 8830 LESS CAB 

and WITH MECHANICAL INSTRUMENT PANEL 13 
E. WIRING DIAGRAMS FOR P.T.O. NEUTRAL START CIRCUIT 

and DIFFERENTIAL LOCK 17 


A. FUSES 


The fusebox (1) is located to the left-hand 
side of the steering column, below the control 
console. 


Tractors with Ford Powershift transmission 
have an auxiliary fuse panel installed next to 
the main fuse box. The auxiliary panel 
contains two fuses rated at 5 and 30 amps 
respectively. The 5 amp fuse protects the 
electronic command module and the digital 
display. The 30 amp fuse protects the 
transmission solenoid circuits. 


For Powershift transmission wiring diagrams 
refer to Part 5 Transmission Systems — 
Chapter 6. 


To gain access to the fuses pull off the plastic 
fuse box cover. 


< 

0 
1 
6 


The fuses are numbered. Reference to the 
above diagram and the following table will 
permit rapid identification of the circuits they 
protect. 


Note: Fuse No. 8 protects the ignition relay. 
Should this fuse fail, all the cab electrical 
equipment controlled by the key—start switch 
will become inoperative. 


Do not replace a blown fuse with another of a 
different ampere rating. 


On early production tractors a 10 amp fuse 
was installed in Fuse No. 1. When replacing 
this fuse only install a fuse of the same rating 
as originally fitted to the tractor. Do not install 
a 20 amp fuse if a 10 amp fuse was originally 
fitted 
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1 | 10A* Accessory Socket and 
Air Suspension Seat 


2 [8A [Brown | Altemator Field 


3 15A Four Wheel Drive 
Dual Power 


5A |Brown | Gauges 
5A_| Brown _ 

15A |Blue | 
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R.H. Side/Rear Lights 
Headlight Dip Beam 
Turn Indicators 


Ignition Rela 

15A Blue Wipe/Washer 
Radio 
| 5A |Brown_ | L.H. Side/Rear Lights 


Headlight Main Beam 


Blue | 
| 154 [Blue Stop Lights 
(Red 


Horn 
25A Heater Blower 
A 


| Air Conditioner 

Compressor Clutch 

25A Worklamp(s) Rear 
where fitted 


15A | Hazard Warning 
Lights 


on 
, 


as 
O N 
3 


11 
12 
13 


15A Performance Monitor 
(where fitted) 
Clear 
25A Worklamps Front 
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(where fitted) 
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B. WIRING DIAGRAMS FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH 
ELECTRONIC INSTRUMENT PANEL 


The approximate location of each wiring harness 
and the connectors which join them together are 
shown below. 


Where it is necessary to refer to the wiring diagrams 
which are applicable to tractors installed with 
Powershift Transmission, reference should be 
made to Part 5 — Transmission Systems, Chapter 6 
of this Repair Manual. 


Engine Harness 

Extension Harness 
Instrument Console Harness 
Cab Roof Harness 


A. 
B. 
C. 
D. 


FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH ELECTRONIC 
INSTRUMENT PANEL 


A. ENGINE HARNESS 
(MAIN FRONT HARNESS) 


B. EXTENSION HARNESS 


1030A U'R 
1030 UR 1036 U'R 

o C= aa 
1027 UW 1027 U/W 


1027A UW 


1027 A U/W 
— 57AB 
+ 1030 AU/R 


3006 G'S 
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3025 Y'U 25) 
3020 Y 
@—————- 3025 vu 
2016 Y'G —— 


7080 R/O ial 
4001 RU ae 


7E B $78 BB —_—$—— $e 
57B | 
(23) 578 B 
2012 Y/O 


2018 Y'G 


5708 


3006 G/S 


@ 


>) 4001 R/U 


A. ENGINE HARNESS 
(MAIN FRONT HARNESS) 


Bulkhead Connector (7 pin) Connects into Instrument Console Harness Connector Item 36 
Bulkhead Connector (22 pin) Connects into Instrument Console Harness Connector Item 37 
Ether Solenoid (where fitted) 

Tachometer Sensor 

Thermostart (where fitted) 

Engine Coolant Temperature Switch 

Engine Oil Pressure Switch 

Engine Oil Pressure Sender 

Fuel Level Sender 

10. Engine Coolant Temperature Sender 

11. Horn 

12. Air Cleaner Restriction Switch 

13. Alternator 

14. Left Hand Headlight 

15. Starting Motor Solenoid 

16. Starting Motor 

17. Right Hand Headlight 

18. Air-Conditioning Pressure Switch 

19. Clutch Air-Conditioning Compressor 


B. EXTENSION HARNESS 


CONOIPWN = 


20. Transmission Oil Temperature Switch 

21. Auxiliary Fuel Level Sender 

22. Axle Speed Sensor 

23. Transmission Oil Pressure Switch 

24. Dual Power Solenoid (16 x 4 Transmission) 

25. Four Wheel Drive Solenoid 

26. Differential Lock Solenoid 

27. Bulkhead Connector (16 pin) Connects into Instrument Console Harness Connector Item 34 


WIRING COLOUR CODES 


B _ Black P — Purple 

G - Green R — Red 

K — Pink S — Grey 

LG  - Light Green TQ — Turquoise 
LN - Light Brown U — Blue 

N _ Brown W — White 

O _ Orange Y Yellow 


NOTE: Where a wire is colour coded with 3 colours the black colour is 
applied to the wire insulation as a spiral stripe. 
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INSTRUMENT PANEL 


C. INSTRUMENT CONSOLE HARNESS 
(MAIN REAR HARNESS) 
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Note: Where a wire is colour coded with 3 colours the black colour is applied to the . 


C. INSTRUMENT CONSOLE HARNESS 
(MAIN REAR HARNESS) 
FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH ELECTRONIC 
INSTRUMENT PANEL 


Connector to Roof Harness (22 pin) 

Rear Worklamp Switch 

Lighting Switch 

Front Worklamp Switch 

Hazard Warning Switch 

Four Wheel Drive Switch 

Flasher Unit 

Keystart Switch Relay 

Front Worklamp Relay 

Rear Worklamp Relay 

Neutral Start Relay (Yellow Connector) 
Differential Lock Relay (Red Connector) 
Differential Lock Relay (White Connector) 
Electronic Instrument Cluster Connector (12 pin) 
Radar Plug (4 pin) 

Tractor Performance Monitor Connector (8 pin) 
Electronic Instrument Cluster Connector (12 pin) 
Electronic Instrument Cluster Connector (12 pin) 
Electronic Instrument Cluster Connector (12 pin) 


Hazard Flasher Connector (White). For North American Lighting Regulations Plug Into Male Half of Item 25 


Cigar Lighter 

Turn Indicator Switch 

Stop Lamp Switch 

Dual Power Switch Connector (16x4 Transmission) 

Hazard Flasher Connector (Red). For Non—North American Lighting Regulations Connect As Shown 
For North American Regulations Connect into Item 20 

Trailer Socket 

Windscreen Washer Pump 

Trailer Socket Harness Connector 

Fuse Box 

Neutral Start Connector (16x4 Transmission) 

Keystart Switch 

Ether Start (where fitted) 

Radar Speed Sensor Connector (4 pin) 

Bulkhead Connector (16 pin) Connects into Extension Harness Connector Item 24 

Transmission Power Connector (2 pin) Connects into 

Powershift Transmission Front Console Harness (where fitted) 

Bulkhead Connector (7 pin, Battery Feed and Earth) Connects into Engine Harness Connector Item 1 
Bulkhead Connector (22 pin) Connects into Engine Harness Connector Item 2 


WIRING COLOUR CODES 


Black Purple 
Green Red 

Pink Grey 
Light Green Turquoise 
Light Brown Blue 
Brown White 
Orange Yellow 


B 
G 
K 
LG 
LN 
N 
O 


wire insulation as a spiral stripe. 


On rocker switches, symbol NO refers to normally open and NC to normally closed. 


FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH ELECTRONIC 
INSTRUMENT PANEL 
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D. CAB ROOF HARNESS 


Right Hand Rear Worklamp 

Right Hand Side Light 

Right Hand Rear Light 

Right Hand Licence Plate Lamp (Lower) 
Right Hand Licence Plate Lamp (Roof Mounted) 
Implement Status Switch 

Left Hand Licence Plate Lamp (Lower) 
Left Hand Licence Plate Lamp (Roof Mounted) 
Left Hand Rear Light 

10. Left Hand Side Lights 

11. Left Hand Rear Worklamp 

12. Left Hand Radio Speaker 

13. Blower Motor 

14. Blower Motor Switch 

15. Thermostatic Switch 

16. Left Hand Front Worklamp 

17. Cab Roof Harness Connector — Connects into Main Instrument Console Harness Connector Item1 
18. Right Hand Front Worklamps 

19. P.T.O. Neutral Start Switch 

20. Differential Lock Switch 

21. Electric Seat (Where Fitted) 

22. Parking Brake Warning Switch 

23. Left Hand Interior Light 

24. Clock 

25. Windscreen Wiper Motor 

26. Wiper Motor Interference Suppressor 
27. Auxiliary +12V Power Socket 

28. Stereo Radio 

29. Right Hand Radio Speaker 

30. Right Hand Interior Light 

31. Windscreen Washer/Wiper Switch 

32. Courtesy Light Switch 
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WIRING COLOUR CODES 


B _ Black P —- Purple 

G - Green R —- Red 

K — Pink S —- Grey 

LG - Light Green TQ -— Turquoise 
LN - Light Brown U - Blue 

N - Brown W - White 

O - Orange ¥ —- Yellow 


NOTE: Where a wire is colour coded with 3 colours the black colour is applied to the 
wire insulation as a spiral stripe. 
On rocker switches, symbol NO refers to normally open and NC to normally closed. 


1 PART 3 — ELECTRICAL SYSTEMS 


C. WIRING DIAGRAMS FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH 
MECHANICAL INSTRUMENT PANEL 


The approximate location of each wiring harness 
and the connectors which join them together are 
shown below. 


A. 
B. 
C 
D 


Engine Harness 
Extension Harness 


. Instrument Console Harness 
. Cab Roof Harness 


FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH MECHANICAL 
INSTRUMENT PANEL 


A. ENGINE HARNESS 
(MAIN FRONT HARNESS) 


-B. EXTENSION HARNESS 


A. ENGINE HARNESS 
(MAIN FRONT HARNESS) 


Bulkhead Connector (7 pin) Connects into Main Instrument Console Harness Connector Item 49 
Bulkhead Connector (22 pin) Connects into Main Instrument Console Harness Connector Item 50 
Ether Solenoid (where fitted) ° 

Thermostart (where fitted) 

Engine Oil Pressure Switch 

Engine Oil Pressure Sender 

Fuel Level Sender 

Engine Coolant Temperature Sender 

Horn 

10. Air Cleaner Restriction Switch 

11. Alternator 

12. Left Hand Headlight 

13. Resistor Assembly Heatsink 

14. Starting Motor Solenoid 

15. Starting Motor 

16. Right Hand Headlight 

17. Air-Conditioning Pressure Switch 

18. Clutch Air-Conditioning Compressor 


B. EXTENSION HARNESS 
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1030A U/R 


1030 U/R 1030 U/R 
© 57 B 


1027 U/W 1027 U/W 
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578 


19. Auxiliary Fuel Level Sender 

20. Transmission Oil Pressure Switch 

21. Dual Power Solenoid (16 x 4 Transmission) 

22. Four Wheel Drive Solenoid 

23. Differential Lock Solenoid 

24. Bulkhead Connector (16 pin) Connects into Instrument Console Harness Connector Item 47 
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WIRING COLOUR CODES 


—1027A U/W 1027A U/W 
— 57AB 
- 1030 AU/R 1030A U/R 


Black Purple 
= Green Red 
Pink Grey 
: Light ocr Turquoise 
LAA Light Brown Blue 
rm 0G : 


3] Brown White 
Orange Yellow 


NOTE: Where a wire is colour coded with 3 colours the black colour is applied 
to the wire insulation as a spiral stripe. 


7080 B /LG 


2012 Y/O 


3020Y 57BB 


2012 Y/O 


FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH MECHANICAL 
INSTRUMENT PANEL 


C. INSTRUMENT CONSOLE HARNESS 
(MAIN REAR HARNESS) 
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C. INSTRUMENT CONSOLE HARNESS 
(MAIN REAR HARNESS) 
FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH MECHANICAL 
INSTRUMENT PANEL 


Connector to Roof Harness 

Trailer turn signal indicator lights 

Handbrake Warning Light 

Fuel Gauge Sender Selector Switch 

Rear Worklamp Switch 

Tractor Light Switch 

Front Worklamp Switch 

Hazard Warning Light Switch 

Four Wheel Drive Switch 

Hazard Flasher 

Keystart Switch Relay 

Front Worklamp Relay 

Rear Worklamp Relay 

Neutral Start Relay 

Differential Lock Relay (Red Connector) 

Differential Lock Relay (White Connector) 

Instrument Panel Light 

Battery Condition Meter 

Engine Oil Pressure Gauge 

Instrument Panel Light 

Fuel Gauge 

Engine Coolant Temperature Gauge 

Transmission Oil Pressure Warning Light 

Dual Power Indicator Light —- Power Drive 

Air Cleaner Restriction Warning Light 

Left Hand Turn Signal Indicator Light 

Instrument Panel Light 

Main Beam Indicator Light 

Dual Power Indicator Light — Direct Drive 

Instrument Panel Light 

Right Hand Turn Signal Indicator Light 

Instrument Cluster Connector 

Pilot Flasher Unit — North American Lighting Regulations only 
Hazard Flasher Connector (White). For North American Lighting Regulations Plug into Male Half of Item 40 
Cigar Lighter 

Turn Indicator Switch 

Stop Lamp Switch 

Dual Power Switch 

Auxiliary Feed Socket 

Hazard Flasher Connector (Red). For Non North American Lighting Regulations Connect as Shown 
For North American Lighting Regulations Connect into Item 34 
Windshield Washer Pump 

Trailer Socket Harness Connectors 

Fuse Box 

Safety Start Switch (16 X 4 Transmissions) 

Keystart Switch 

Ether Switch (where fitted) 

Bulkhead Connector (16 pin) Connects into Extension Harness Connector Item 24 
Auxiliary Power Feed 

Bulkhead Connector (7 pin) — Connects into Main Front Harness (Engine Harness) Connector Item 1 
Bulkhead Connector (22 pin) — Connects into Main Front Harness (Engine Harness) Connector Item 2 


WIRING COLOUR CODES 


B - Black P — Purple 

G _ Green R — Red 

K _ Pink S — Grey 

LG - Light Green TQ — Turquoise 
LN - Light Brown U —- Blue 

N _ Brown W — White 

O Orange Y 


Yellow 


NOTE: Where a wire is colour coded with 3 colours the black colour is applied to the 


wire insulation as a spiral stripe. 
On rocker switches, symbol NO refers to normally open and NC to normally closed. 
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FORD 8530, 8630, 8730 and 8830 WITH CAB and WITH MECHANICAL 
INSTRUMENT PANEL 


D. CAB ROOF HARNESS HARNESS 


12 


CoN oS SVN 


D. CAB ROOF HARNESS 


Right Hand Rear Worklamp 

Right Hand Side Light 

Right Hand Rear Light 

Right Hand Licence Plate Lamp (Lower) 

Right Hand Licence Plate Lamp (Roof Mounted) 
Implement Status Switch 

Left Hand Licence Plate Lamp (Roof Mounted) 
Left Hand Licence Plate Lamp (Lower) 

Left Hand Rear Light 

Left Hand Side Lights 

Left Hand Rear Worklamp 

Left Hand Radio Speaker 

Blower Motor 

Blower Motor Switch 

Thermostatic Switch 

Left Hand Front Worklamps 


Cab Roof Harness Connector — Connects into Main Instrument Console Harness Connector Item1 


Right Hand Front Worklamps 
P.T.O. Neutral Start Switch 
Differential Lock Switch 

Electric Seat (Where Fitted) 
Parking Brake Warning Switch 
Left Hand Interior Light 

Clock 

Windscreen Wiper Motor 

Wiper Motor Interference Suppresser 
Auxiliary +12V Power Socket 
Stereo Radio 

Right Hand Radio Speaker 

Right Hand Interior Light 
Windscreen Washer/Wiper Switch 
Courtesy Light Switch 


WIRING COLOUR CODES 


Black 
Green 
Pink 


Light Green 
Light Brown 
Brown 
Orange 


Purple 
Red 

Grey 
Turquoise 
Blue 
White 
Yellow 


NOTE: Where a wire is colour coded with 3 colours the black colour is applied to the 


wire insulation as a spiral stripe. 


On rocker switches, symbol NO refers to normally open and NC to normally closed. 
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CHAPTER 9 


D. WIRING DIAGRAMS FORD 8530, 8630, 8730 and 8830 LESS CAB and WITH 
MECHANICAL INSTRUMENT PANEL 


The wiring diagrams for the Engine and Extension 
harnesses used on less cab tractors are the same 
as those shown for with cab with mechanical 
instrument console tractors. Reference should 
therefore be made to Section C of this Chapter for 
these wiring diagrams. The instrument console 
harness is also the same as for with cab with 
mechanical instrument console tractors, however 
for clarity this diagram has been reproduced to 
identify the location of the connector to which the 
fender harness is connected. 


The approximate location of each wiring harness 
and the connectors which join them together are 
shown below. 


Engine Harness—Refer to Section C 
Extension Harness—Refer to Section C 
Instrument Console Harness 

Fender Harness 


MO > 
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FORD 8530, 8630, 8730 and 8830 LESS CAB and WITH MECHANICAL 
INSTRUMENT PANEL 


C. INSTRUMENT CONSOLE HARNESS 
(MAIN REAR HARNESS) 
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C. INSTRUMENT CONSOLE HARNESS 
(MAIN REAR HARNESS) 
FORD 8530, 8630, 8730 and 8830 LESS CAB and WITH MECHANICAL 
INSTRUMENT PANEL 


Connector to Differential Lock and P.T.O. Neutral Start Circuits 

Trailer turn signal indicator lights 

Handbrake Warning Light and Switch 

Fuel Gauge Sender Selector Switch 

Rear Worklamp Switch 

Tractor Light Switch 

Front Worklamp Switch 

Hazard Warning Light Switch 

Four Wheel Drive Switch 

Hazard Flasher 

Keystart Switch Relay 

Front Worklamp Relay 

Rear Worklamp Relay 

Neutral Start Relay 

Differential Lock Relay (Red Connector) 

Differential Lock Relay (White Connector) 

Instrument Panel Light 

Battery Condition Meter 

Engine Oil Pressure Gauge 

Instrument Panel Light 

Fuel Gauge 

Engine Coolant Temperature Gauge 

Transmission Oil Pressure Warning Light 

Dual Power Indicator Light — Power Drive 

Air Cleaner Restriction Warning Light 

Left Hand Turn Signal Indicator Light 

Instrument Panel Light 

Main Beam Indicator Light 

Dual Power Indicator Light — Direct Drive 

Instrument Panel Light 

Right Hand Turn ee Indicator Light 

Instrument Cluster Connector 

Pilot Flasher Unit — North American Lighting Regulations only 

Hazard Flasher Connector (White). For North American Lighting Regulations Plug into Male Half of Item 40 
Cigar Lighter 

Turn Indicator Switch 

Stop Lamp Switch 

Dual Power Switch 

Auxiliary Feed Socket 

Hazard Flasher Connector (Red). For Non North American Lighting Regulations Connect as Shown. 
For North American Lighting Regulations Connect into Item 34 

Connector to Fender Harness 

Fuse Box 

Safety Start Switch (16 X 4 Transmissions) 

Keystart Switch 

Ether Switch (where fitted) 

Bulkhead Connector (16 pin) Connects into Extension Harness Connector Item 24 
Auxiliary Power Feed 

Bulkhead Connector (7 pin) — Connects into Main Front Harness (Engine Harness) Connector Item 1 
Bulkhead Connector (22 pin) — Connects into Main Front Harness (Engine Harness) Connector Item 2 


WIRING COLOUR CODES 


Black 
Green 


Pink 

Light Green Turquoise 
Light Brown Blue 
Brown White 
Orange Yellow 


NOTE: Where a wire is colour coded with 3 colours the black colour is applied to the 


wire insulation as a spiral stripe. 
On rocker switches, symbol NO refers to normally open and NC to normally closed. 
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E. FENDER HARNESS 


Right Hand Side Light 

Left Hand Implement Work Lamp (where fitted) 

Right Hand Rear Light 

Trailer Socket 

Licence Plate Lamp 

Left Hand Rear Light 

Right Hand Implement Lamp (Where Fitted) 

Left Hand Side Light 

Left Hand Fender Connection 

Right Hand Fender Connection 

Fender Harness to Instrument Console Harness Connector 
Connects into Instrument Console Harness Connector Item 41 


16 


SC ei Se 


— R 
— 


LS) 
7 | 


PART 3— ELECTRICAL SYSTEMS 


E. WIRING DIAGRAMS FOR P.T.O. NEUTRAL START AND 
DIFFERENTIAL LOCK 


P.T.O. Neutral Start Circuit-With 16x4 Transmission 


P.T.O. Neutral Start Switch 

16x4 Transmission Neutral Start Switch 

Neutral Start Fuse No 19 (4 Amp Fuse) 

22 Pin Connector on Instrument Console Harness 
Neutral Start Relay 

Keystart Switch 

Starter Solenoid 

Battery 

Starter Motor 
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CHAPTER 9 


Differential Lock Circuit—All Models 


Differential Lock Switch 

Connector to Front Instrument Console Harness 

Differential Lock Two Pole Relay (Red Connector) 

Differential Lock Single Pole Relay (White Connector) 

Brake Stop Lamp Switch and Connector 

Fuse Box (Fuse Number 13, 15 Amp) 

Bulkhead Connector (6 pin) on Front Instrument Console Harness 
Electric Differential Lock Valve 


SNOOP onNS 


NOTE: For Powershift Transmission P.T.O. neutral start circuit refer to 
Part 5 Chapter 6. 


NOTE: The wiring colours may differ from those shown. Refer to following table for 
alternative wire colours. 


Either | Or 
R$S LG 
S$B OB 
R$U N/LG 
R$O B/LG 


18 


PART 4 
CLUTCHES 


Chapter 1 
CLUTCHES 
Section Page 
A. CLUTCHES — DESCRIPTION AND OPERATION 1 
B. CLUTCHES — ADJUSTMENTS 2 
C. CLUTCHES — OVERHAUL 3 
Chapter 2 
SERVICING CLUTCH ASSOCIATED PARTS 
Section Page 
A. CLUTCH PILOT BEARING AND P.T.O. DRIVE PLATE — 
DESCRIPTION AND OVERHAUL 1 
B. CLUTCH RELEASE BEARING — DESCRIPTION AND 
OVERHAUL 
C. CLUTCH RELEASE SHAFT BUSHINGS — OVERHAUL 4 


D. CLUTCH PEDAL BUSHINGS — OVERHAUL 


Chapter 3 
TROUBLE SHOOTING, SPECIFICATIONS AND 
SPECIAL TOOLS 
Section Page 
A. TROUBLE SHOOTING 1 
B. SPECIFICATIONS 2 


C. SPECIAL TOOLS 4 


(i) 


PART 4 
CLUTCHES 


Chapter 1 
CLUTCHES 
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A. CLUTCHES — DESCRIPTION AND OPERATION 


The Ford TW-5 Tractor utilises a 13 in (330 mm) 
single dry plate clutch. The disc assembly 
incorporates six cera-metallic buttons and a 
heavy duty damper. The pressure plate and 
cover assembly contains sixteen’ pressure 
springs. 


The Ford TW-15, TW-25 and TW-35 Tractors 
utilise a 14 in (355 mm) single dry plate clutch. 
The disc assembly incorporates eight cera- 
metallic buttons and a heavy duty damper. The 
pressure plate and cover assembly contains 
fifteen pressure springs. 


The single plate clutch discs incorporate a 
splined hub which locates in the forward end of 
the transmission input shaft. The disc is 
installed between the flywheel and the 
pressure plate and cover assembly which is 
attached to the flywheel. 


OPERATION 


In the clutch ‘engaged’ position the spring 
loaded pressure plate forces the clutch disc 
into contact with the engine flywheel. 


Frictional contact between the disc facing 
buttons and the surfaces of the flywheel and 
pressure plate enables drive from the flywheel 
to be transmitted via the clutch disc to the 
input shaft of the transmission. 


A clutch operating pedal is connected by a rod 
to a lever and release shaft assembly on which 
is mounted a fork. The fork engages a sliding 
release bearing and hub assembly, the bearing 
of which contacts the ends of the release levers 
in the pressure plate assembly. 


Depression of the clutch pedal causes the 
release shaft and fork to move the release 
bearing forward and depress the pressure plate 
release levers thus drawing the pressure plate 
away from the clutch disc and releasing the 
disc from contact with the flywheel. The 
frictional drive to the transmission is thereby 
disconnected to enable gearchanging to take 
place. 
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After a gearchange is made and the clutch 
pedal is released, a spring returns the pedal to 
its free position and the release bearing is 
drawn away from the release levers of the 
pressure plate assembly. 


The main springs of the pressure plate 
assembly then re-assert pressure on the plate 
moving it forward to press the clutch disc into 


contact with the flywheel and re-establish the 
drive to the transmission. 


Independent P.T.O. drive is effected by a 
P.T.O. input shaft which is splined into a drive 
plate bolted to the rear end of the engine 
crankshaft. The P.T.O. input shaft then passes 
through the hollow transmission main drive 
input shaft. 


B. CLUTCHES — ADJUSTMENTS 


For clutch release lever adjustment, refer to 
“CLUTCHES — OVERHAUL”, Page 3. 


The only external clutch adjustments required 
are to check and, if necessary, adjust the 
clutch release shaft free play and the clutch 
pedal tree travel. This is the amount of pedal 
movement from the fully released position to 
the point where resistance is first encountered. 


Figure 1 

Clutch Control Linkage 
. Clutch Pedal Support Assembly 
. Linkage Crank 
. Release Shaft Fork 
. Clutch Release Shaft Assembly 
. Control Rod 
. Control Rod and Turnbuckle Assembly 
. Clutch Pedal and Shank Assembly 
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CLUTCH RELEASE SHAFT FREE PLAY 
AND CLUTCH PEDAL FREE TRAVEL 


With reference to Figure 1. 
rod from the 


1. Disconnect the control 
release shaft lever. 


2. Check the clutch release shaft free play, as 
measured at the centre of the clevis pin 
attaching hole, is within the specified 
limits, see Page 3, ‘Specifications’ — 
Chapter 3. 


If the free play is correct, reconnect the 
control rod to the release shaft lever. 


IMPORTANT: /f the free-p/ay is less than the 
specified lower limit, suspect clutch 
components will produce premature wear. 
Therefore, the clutch release shaft and fork, 
hub and bearing and clutch assembly should all 
be inspected for correct installation and the 
clutch release lever setting height checked as 
detailed in this Chapter. 


3. Ensure the linkage crank is correctly 
installed with the longer control rod 
attaching arm to the outside and the 
shorter control rod and_ turnbuckle 
attaching arm to the inside of the tractor. 


NOTE: When correctly installed, the linkage 
crank grease nipple should be located slightly 
below horizontal facing towards the front of 
the tractor and not downwards. 
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4. Check the control rod and turnbuckle for 


correct assembly by measuring the length 
of the exposed threads at each end of the 
turnbuckle. If the difference between the 
lengths of the exposed threads of each 
clevis end exceeds 0.1 in (2.5 mm) then the 
clutch control rod and turnbuckle should 
be correctly re-assembled as follows: 


(i) Disconnect the control rod upper 
clevis from the clutch pedal shank. 


(ii) Loosen the turnbuckle locknut until it 
bottoms on the lower clevis end 
threads. 


(iii) Adjust the turnbuckle so that when 
the locknut is retightened against the 
turnbuckle, the exposed threads on 
each clevis are of equal length to 
within 0.1 in (2.5 mm). 


(iv) Reconnect the control rod upper 
clevis to the clutch pedal shank. 


Loosen the locknut and adjust the 
turnbuckle until the clutch pedal free travel 
is as specified, see Page 3, ‘Specifications’ 
— Chapter 3. 


Tighten the locknut to the specified 
torque, see Page 3, ‘Specifications’ — 
Chapter 3. 


C. CLUTCHES — OVERHAUL 


The overhaul and adjustment procedure for 
the 13 in (330 mm) and 14 in (355 mm) clutch 
differ. The TW-5 procedure is under but for the 
TW-15, TW-25 and TW-35 procedure refer to 
Page 12. : 


TW-5 CLUTCH OVERHAUL 


REMOVAL 


With reference to Figure 2. 


1. 


Separate the tractor between the engine 
and the _ front transmission, see 
“SEPARATING THE TRACTOR” — Part 
12. 


Before removing the clutch assembly mark 
the clutch cover at one flywheel dowel hole 
and mark the mating dowel. (The dowels 
are of different diameters). 


Withdraw the bolts securing the clutch 
pressure plate and cover assembly to the 
flywheel and remove the pressure plate 
assembly together with the clutch disc. 


IMPORTANT: 7he bolts must be slackened 
evenly and diagonally across the clutch to 
prevent distortion of the cover. 


Figure 2 
TW-5 Clutch Assembly Installed 
1. Clutch Disc 
2. Flywheel 


3. Clutch Cover 
4. Cover-to-Flywheel Bolts 
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DISASSEMBLY 

To assist in the overhaul and adjustment of the IMPORTANT: Do not attempt to adjust or 
clutch pressure plate and coverassembly, Tool = overhaul the clutch pressure plate and cover 
Nos FT.7110 (SW 12B) or 2142 (SW 510) are assembly using other than the recommended 
available in Service. service tools. 


Figure 3 
Clutch Pressure Plate Assembly Overhaul and Adjustment — Tool No. FT.7110 (SW 12B) 
1. Base Plate, Tool No. STM 7704 14. Pillar Spacer, Tool No. STM 7701 
2. Bridge Spider, Tool No. 99MA/1 15. Centre Spacer, Tool No. FT.7110/4 
3. Actuator Assembly, Tool No. FT.7110/28 (SW 12B/4) 
(SW 12B/28) 16. Centre Spacer, Tool No. FT.7110/8 
4. Actuator Cam Platform Extension, Tool No. (SW 12B/8) 
STM 7707 17. Centre Spacer, Tool No. FT.7110/3 
5. Riser Spacers, Tool No. STM 7703 (SW 12B/3) 
6. Washer, Tool No. FT.7110/26 (SW 12B/26) 18. Centre Spacer, Tool No. FT.7110/2 
7. Bolt, Tool No. FT.7110/23 (SW 12B/23) (SW 12B/2) 
8. Washers, Tool No. FT.7110/27 (SW 12B/27) 19. Centre Spacer, Tool No. FT.7110/6 
9. Disc Spacers, Tool No. FT.7110/8 (SW 12B/8) (SW 12B/6) 
10. Disc Spacers, Tool No. STM 6023 Code 3 20. Gauge Finger Body, Tool No. STM 6018 
11. Bolt, Tool No. FT.7110/25 (SW 12B/25) 21. Gauge Finger, Tool No. STM 6755 
12. Bolt, Tool No. FT.7110/24 (SW 12B/24) 22. Locknut, Tool No. STM 6020 
13. Centre Spacer, Tool No. FT.7110/5 
(SW 12B/5) 


es CHAPTER 1 


Figure 4 


TW-5 Clutch Mounted on Base 
Plate of Tool No. FT.7110 (SW 12B) 


1. Eyebolt Nut 

2. Disc Spacer, Tool No. FT.7110-2/1 (SW 12B-2) 
3. Bolt, Tool No. FT.7110/25 (SW 12B/25) 

4. Base Plate, Tool No. STM 7704 


DISASSEMBLY USING TOOL NO. FT.7110 
(SW 12B) 


With reference to Figures 3 and 4. 


1. Clean the pressure plate and cover 
assembly thoroughly then locate the 
assembly centrally on the base plate with 
the four clutch Disc Spacers, Tool No. 
FT.7110-2/1 (SW 12B-2) between the 
pressure plate and the base plate of the 
tool. 


2. Secure the assembly to the base plate with 
the eight Special Bolts, Tool No. 
FT.7110/25 (SW 12B/25). Tighten the 
bolts evenly and diagonally across the 
clutch. 


NOTE: 7he clutch cover, pressure plate and all 
other major parts including springs, must be 
carefully marked and positions noted so that 
they may be returned to their original positions 
to maintain balance in the clutch. 


Figure 5 

TW-5 Clutch Cover Removed 
. Clutch Cover 
. Fixture Base 
. Yoke 
. Release Lever 
. Pressure Plate 
. Pressure Springs 
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3. Remove the eight thrust plate bolts, four 
thrust plates and four release lever 
adjusting nuts from the cover. 


4. Gradually slacken the bolts retaining the 
pressure plate cover to the base plate of the 
tool until all spring pressure is released 
then remove the bolts and the pressure 
plate cover. 


NOTE: 7he bolts must be slackened evenly 
and diagonally across the clutch to prevent 
distortion of the cover. 


5. Lift the clutch cover and remove the 
pressure springs from their locations on 
the pressure plate, Figure 5. 


Figure 6 


Universal Clutch Fixture — Tool No. 2142 (SW 510) 
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Figure 7 
TW-5 Clutch Located in Fixture 


Tool No. 1276 (SW 510-J) 
. Tool No. 1275 (SW 510-H) 
Tool No. 1283 (SW 510-60) 
Tool No. 1280 (SW 510-9) 
Tool No. 1281 (SW 510-10) 
Tool No. 1267 (SW 510-2) 
Tool No. 1289 (SW 510-68) 
Tool No. 1268 (SW 510-3) 
. Tool No. 1285 (SW 510-62) 
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DISASSEMBLY USING TOOL NO. 2142 


. Bridge 

. Thrust Plate Bolt 

. Adaptor Plate 

Clutch Cover 

Fixture Base 

Thrust Plate 

. Release Lever Adjusting Nut 
. Spindle 

. Thrust Washer 
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IMPORTANT: Ensure the mounting area is 


(SW 510) 


With reference to Figures 6 and 7. 


1. 


Insert the serrated end of the Fixture 
Spindle, Tool No. 1285 (SW 510-62) into 
the hub of the Fixture Base, Tool No. 1283 
(SW 510-60). Position the fixture base on 
edge and install the Washer, Tool No. 1295 
(SW 510-66) (not shown) and Jam Nut, 
Tool No. 1294 (SW 510-65) (not shown) on 
the end of the spindle that protrudes from 
the bottom of the base. Tighten the nut 
until the spindle bottoms in the hub. 


Bolt the assembled fixture base to a work 
bench. 


level and the mounting bolts are torqued 
equally to eliminate the possibility of warping 
the fixture. 


Thoroughly clean the mating surfaces on 
the clutch pressure plate and cover 
assembly. 


Place the assembled clutch pressure plate 
and cover assembly on the fixture base. 
Install the adaptor plate, bridge thrust 
washer and spindle nut as shown. 


NOTE: 7he step on the base of the fixture 
substitutes for the clutch disc assembly, 
therefore the disc is not required when using 
the Universal Clutch Fixture. 
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5. Compress the clutch mechanism by 
tightening the spindle nut until the clutch 
cover contacts the fixture base. 


NOTE: The clutch cover, pressure plate and all 
other major parts, including springs, must be 
carefully marked and positions noted so that 
they may be returned to their original positions 
to maintain balance in the clutch. 


6. Remove the eight thrust plate bolts, four 


thrust plates and four release lever 
adjusting nuts from the cover. 


Relieve the spring tension by loosening 
and removing the spindle nut, thrust 
washer, bridge and adaptor plate from the 
spindle. Lift the clutch cover from the 
assembly. 


Remove the pressure springs, Figure 8, 
from the pressure plate. 


INSPECTION AND REPAIR 


Examine the clutch disc to ensure the 
linings are not loose, cracked, worn or 
contaminated by oil. Heat discolouration Is 
normal. Use a straight edge to check for 
distortion. If signs of overheating due to 
clutch slippage or excessive wear are 
evident, the disc must be discarded and a 
new one installed. 


IMPORTANT: /nvestigate the source of any 
oil or grease on the facings and rectify before 
installation of a new disc. 
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Figure 8 


TW-5 Clutch Cover Removed 


. Clutch Cover 

. Fixture Base 
Yoke 

. Release Lever 

. Pressure Plate 

. Pressure Springs 
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2. Inspect the pressure plate assembly to 
ensure the release levers are free to operate 
smoothly and the pressure plate is not 
discoloured due to overheating. Check the 
face of the pressure plate for cracks, 
scoring or distortion. Discard and replace 
any faulty parts. 


3. Check the pressure springs do not show 
extreme discolouration from overheating 
and conform to the required rating, see 
Page 3, ‘Specifications’ — Chapter 3. 
Install new springs, if necessary. 


NOTE: Do not attempt to re-assemble or 
adjust the clutch cover assembly without the 
use of the recommended service tools. 
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RE-ASSEMBLY 


Prior to re-assembly, coat the sides of the 
pressure plate drive lugs, where the release 
levers rub, with a silicon base grease. 


RE-ASSEMBLY AND ADJUSTMENT 
USING TOOL NO. FT.7110 (SW 12B) 


NOTE: A new clutch assembly should be 
checked and, if necessary, adjusted. Follow 
Steps 1, 3and 6 — 14. 
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1. Locate the clutch pressure plate assembly 


centrally on the base plate with the four 
Disc Spacers, Tool No. FT.7110-2/1 (SW 
12B-2), between the pressure plate and the 
base plate of the tool. 


. Locate all springs in their original positions 
as previously noted. 


Place the clutch cover over the springs and 
align mating holes and reference marks. 
Do not move the springs. 
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Figure 9 
Settling Clutch Mechanism 


. Actuator Cam Platform Extension, 


Tool No. STM 7707 


. Clutch Assembly 

. Base Plate, Tool No. STM 7704 

. Bolt, Tool No. FT.7110/25 (SW 12B/25) 

. Actuator, Tool No. FT.7110/28 (SW 12B/28) 


. Locate the Actuator 


3. Secure the assembly to the base plate with 


the eight special Bolts, Tool No. 
SW 12B/25, Figure 9. Tighten the bolts 
evenly and diagonally across the clutch. 


. Adjust the alignment of the parts as 


necessary and ensure the yokes and lugs 
pass through the clutch cover and do not 
bind on assembly. 


. Install the adjusting nuts on the yokes to 


keep them centred in the cover holes. 


Cam_ Platform 
Extension, Tool No. STM 7707, on the 
threaded pillar of the actuator with the 
flange of the extension facing downwards. 
Screw the actuator into the Spider, Tool 
No. 99MA/1, of the tool base until the 
flange of the extension contacts the clutch 
release levers, Figure 9. 


. Operate the handle of the actuator to 


depress the clutch release levers and 
repeat several times to settle the clutch 
mechanism. Remove the actuator and 
extension. 


NOTE: When preparing a new clutch 
assembly, remove the eight bolts securing the 
four thrust plates. 


8. Locate the Pillar Spacer, Tool No. STM 


7701, in the Bridge Spider, Tool No. 
99MA/1 of the tool base and position 
Centre Spacers, Tool Nos. FT.7110/2 
(SW 12B/2) and FT.7110/29 
(SW 12B/29), over the pillar, Figure 10. 
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9. 


10. 


11. 
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Figure 10 
Adjusting Clutch Pressure Plate Release Levers Using Tool No. FT.7110 (SW 12B) 


Locknut, STM 6020 


. Gauge Finger, STM 6755 
. Gauge Finger Body, STM 6018 
. Centre Spacers, FT.7110/2 (SW 12B/2) and 


FT.7110/29 (SW 12B/29) 


. Bridge Spider, 99MA/1 


Place the Gauge Finger Body, Tool No. 
STM 6018, over the pillar and install the 
Gauge Finger, Tool No. STM 6755, with 
the ground side facing downwards. 
Secure with the Locknut, Tool No. 
STM 6020, as shown in Figure 10. 


Rotate the gauge finger over each release 
lever in turn and, where necessary, adjust 
the yoke nut until each release lever just 
touches the gauge finger. Apply slight 
hand pressure on the lever and the gauge 
as each lever is checked. 


After the levers are set, stake each 
adjusting nut into yoke threads. Recheck 
the settings and, if necessary, re-adjust 
after depressing the levers several times to 
ensure all parts move freely. 


12. 


13. 


14. 
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. Disc Spacer, FT.7110-2/1 (SW 12B-2) 
. Base Plate, STM 7704 

. Pressure Plate 

. Yoke Nut 

. Release Lever 

. Pillar Spacer, STM 7701 


Install the four thrust plates and the thrust 
plate retaining bolts. Tighten the bolts to 
the specified torque, see Page 3, ‘Specifi- 
cations’ — Chapter 3. Check the settings 
again and re-adjust, if necessary. 


Remove the centre pillar spacer and finger 
gauge assembly. 


Gradually loosen each of the cover to base 
plate retaining bolts and lift the pressure 
plate and cover assembly from the base 
plate. The clutch assembly is now ready for 
installation on the engine. 
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Figure 11 
TW-5 Clutch Secured for Adjustment 


. Adaptor Plate 


Yoke 

Clutch Cover | 
Cover-to-Flywheel Bolt 
Fixture Base 

Lug 

Bridge 


. Thrust Washer 
. Spindle 


RE-ASSEMBLY AND ADJUSTMENT 
USING TOOL NO. 2142 (SW 510) 


NOTE: A new clutch assembly should be 
checked and, if necessary, adjusted. Follow 
Steps 3 and 6 — 14 after placing the assembly 
on the fixture base. 


1. Place the clutch pressure plate assembly 


on the clutch fixture base. Locate all 
springs in their original positions as 
previously noted. 


. Place the clutch cover over the springs and 


align mating holes and reference marks. 
Do not move the springs. 


. Install the adaptor plate, bridge thrust 


washer and spindle nut on the spindle. 
Hand tighten the spindle nut and gheck the 
alignment of all parts. 


. Carefully tighten the spindle nut to 


compress the release springs. Adjust the 
alignment of the parts as necessary and 
ensure the yokes and the lugs pass through 
the clutch cover and do not bind on 
assembly. 
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Figure 12 
TW-5 Clutch Release Lever Adjustment 


. Release Lever Gauge 

. Release Lever 

. Gauge Spacer 

. Thrust Plate 

. Adjusting Nut 

. Thrust Plate Retaining Bolt 
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5. Install the adjusting nuts on the yokes to 
keep them centred in the cover holes. 


6. Tighten down the spindle nut until the 
clutch cover fully contacts the fixture base. 
Install the eight cover-to-flywheel bolts to 

~ secure the clutch cover to the fixture base, 
Figure 11. 


7. Remove the spindle nut, thrust washer, 
bridge and adaptor plate from the spindle. 


NOTE: Before adjusting the release lever 
height on a new clutch assembly, remove the 
eight bolts securing the four thrust plates. 


8. Install the Gauge Spacer, Tool No. 1276 
(SW 510-J), and the release Lever Gauge, 
Tool No. 1267 (SW 510-2) on the spindle as 
shown in Figure 12. 
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9. 


10. 


11. 


12. 


13. 


The clutch assembly 


Raise or lower the release levers by turning 
each adjusting nut, Figure 12, until a slight 
drag is felt when the foot of the gauge is 
rotated across each release lever end. 
Apply slight hand pressure on the lever and 
the gauge as each lever is checked. 


After the levers are set, stake each 
adjusting nut into yoke threads. Re-check 
the settings and re-adjust, if necessary, 
after depressing the levers several times 
using a press and a suitable plate to ensure 
all parts move freely. 


Install the four thrust plates and the thrust 
plate retaining bolts, Figure 12. Tighten the 
bolts to the specified torque, see Page 3, 
‘Specifications’ - Chapter 3. Check the 
settings again and re-adjust, if necessary. 


Remove the gauge and gauge spacer. 
Install the adaptor plate, bridge, thrust 
washer and spindle nut, Figure 11. Hand 
tighten the spindle nut. 


Remove the eight clutch cover-to-flywheel 
bolts, Figure 11. Remove the spindle nut, 
thrust washer, bridge and adaptor plate. 
Remove the clutch assembly from the 
fixture. 


is now ready for 


installation on the engine. 


INSTALLATION 


IMPORTANT: When 


installing a new 


pressure plate or cover assembly, the pressure 
plate friction face must be wiped-clean with 
white spirit to remove the protective film. 


If a new pressure plate and cover assembly 
is being installed, place the assembly on 
the flywheel before positioning the clutch 
disc in order to determine the mating 
clutch cover holes and dowels. Mark the 
new clutch cover for reference with the 
flywheel surface. Remove the clutch. 
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Figure 13 
TW-5 Clutch Disc Locator 


1. Disc Locator, Tool No. FT.7102 or 1262 
2. Clutch Cover-to-Flywheel Bolts 


Lightly lubricate the hub splines of the 
transmission input shaft with the specified 
grease, see Page 3, ‘Specifications’ — 
Chapter 3. Check for spline damage. 


Position the clutch disc on the flywheel 
with the marked face and damper springs 
towards the flywheel. Use Disc Locator, 
Tool No. FT.7102 or 1262, to centralise the 
disc on the flywheel, Figure 13. 


Position the clutch cover assembly on the 
flywheel using the reference marks as a 
guide. Install the eight cover-to-flywheel 
bolts and tighten evenly in a diagonal 
pattern to the specified torque, see Page 3, 
‘Specifications’ — Chapter 3. 


Remove the locator tool from the clutch 
disc then re-connect the engine to the 
front transmission as_ described in 
“SEPARATING THE TRACTOR” — Part 
12. 


ees PART A— CLUTCHES mmmmmmens 


TW-15, TW-25 AND TW-35 CLUTCH 3. Withdraw the twelve bolts securing the 
OVERHAUL clutch pressure plate and cover assembly 
to the flywheel and remove the pressure 
plate assembly together with the clutch 


disc. 
REMOVAL 


With reference to Figure 14. 


IMPORTANT: The bolts must be slackened 
evenly and diagonally across the clutch to 
1. Separate the tractor between the engine prevent distortion of the cover. 


and front transmission, see 
“SEPARATING THE TRACTOR” 
Part 12. 


2. Before removal of the clutch assembly, 
mark the clutch cover and flywheel to 
ensure the same position is maintained on 
installation. 


DISASSEMBLY 


To assist in the overhaul and adjustment of the 
clutch pressure plate and cover assembly, 
Tool Nos. FT.7110 (SW 12B) and FT.7110-3 
(SW 12B-3) or 2142 (SW 510) are available in 
Service, See Figures 15, 16 and 19. 


Figure 14 
TW-15, TW-25 and TW-35 Clutch Assembly 
Installed IMPORTANT: Do not attempt to adjust or 
, Be erwiea Bolts overhaul the clutch pressure plate and cover 
3. Clutch Cover assembly using other than the recommended 
4. Clutch Disc service tools. 
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Figure 15 


Clutch Pressure Plate Assembly Overhaul and Adjustment — Tool No. FT.7110 (SW 12B) 


1. Base Plate, Tool No. STM 7704 14. Pillar Spacer, Tool No. STM 7701 
2. Bridge Spider, Tool No. 99MA/1 15. Centre Spacer, Tool No. FT.7110/4 
3. Actuator Assembly, Tool No. FT.7110/28 (SW 12B/4) 
(SW 12B/28) 16. Centre Spacer, Tool No. FT.7110/8 
4. Actuator Cam Platform Extension, Tool No. (SW 12B/8) 
STM 7707 17. Centre Spacer, Tool No. FT.7110/3 
5. Riser Spacers, Tool No. STM 7703 (SW 12B/3) 
6. Washer, Tool No. FT.7110/26 (SW 12B/26) 18. Centre Spacer, Tool No. FT.7110/2 
7. Bolt, Tool No. FT.7110/23 (SW 12B/23) (SW 12B/2) 
8. Washers, Tool No. FT.7110/27 (SW 12B/27) 19. Centre Spacer, Tool No. FT.7110/6 
9. Disc Spacers, Tool No. FT.7110/8 (SW 12B/8) (SW 12B/6) 
10. Disc Spacers, Tool No. STM 6023 Code 3 20. Gauge Finger Body, Tool No. STM 6018 
11. Bolt, Tool No. FT.7110/25 (SW 12B/25) 21. Gauge Finger, Tool No. STM 6755 
12. Bolt, Tool No. FT.7110/24 (SW 12B/24) 22. Locknut, Tool No. STM 6020 
13. Centre Spacer, Tool No. FT.7110/5 
(SW 12B/5) 
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Figure 16 
TW-15, TW-25 and TW-35 Clutch Setting 
Adaptor Kit Installed on Base Plate 
1. Adaptor and Set Screw, Tool No. FT.7110-3 
(SW 12B-3) 
2. Base Plate, Tool No. STM 7704 


DISASSEMBLY USING TOOL NOS. 
FT.7110 (SW 12B) AND FT.7110-3 
(SW 12B-3) 


Ve 


Install the twelve Adaptors and Set 
Screws, Tool No. FT.7110-3 (SW 12B-3) 
on the Base Plate, Tool No. STM 7704, as 
shown in Figure 16. 


Clean the pressure plate and cover 
assembly thoroughly then locate the 
assembly centrally on the twelve 
Adaptors. 


Secure the assembly to the Adaptors with 
the twelve special bolts, Figure 17. Tighten 
the bolts evenly and diagonally across the 
clutch. 


NOTE: 7he clutch cover pressure plate and all 
other major parts, including springs, must be 
carefully marked and positions noted so that 
they may be returned to their original positions 
to maintain balance in the clutch. 
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Figure 17 
TW-15, TW-25 and TW-35 Clutch 
Mounted on Base Plate and Adaptor 


1. Release Lever Spring 
2. Washer 
3. Split Pin 
4. Clevis Pin 
5. Adaptor 
6. Base Plate 

7. Bolt 

8. Release Lever 


> 


Note the direction from which the clevis 
pins are installed then extract the split pins, 
remove the flat washers and pull the clevis 
pins from the clutch assembly. Note the 
installed position then remove the four 
release lever springs. 


5. Gradually slacken the bolts retaining the 
pressure plate cover to the base plate 
adaptors until all spring pressure is 
released then remove the bolts and 
pressure plate cover. 


NOTE: The bolts must be slackened evenly 
and diagonally across the clutch to prevent 
distortion of the cover. 


6. Lift the clutch cover from the assembly. 
Withdraw the release lever pins and levers 
from the clutch cover, Figure 18. 


WN 


TW-15, TW-25 and TW-35 Cover Removed from Clutch 


. Spring Seats 


Remove the spring cups then remove the 
springs and spring seats from the pressure 
plate. 


DISASSEMBLY USING TOOL NO. 2142 
(SW 510) 


With reference to Figure 19. 


‘; 


Insert the serrated end of the Fixture 
Spindle, Tool No. 1285 (SW 510-62), into 
the hub of the Fixture Base, Tool No. 1283 
(SW 510-60). Place the fixture base on 
edge and install the Washer, Tool No. 1295 
(SW 510-66) (not shown) and the Jam 
Nut, Tool No. 1294 (SW 510-65): (not 
shown) on the end of the_ spindle 
protruding from the bottom of the base. 
Tighten the nut until the spindle bottoms 
firmly in the hub. 
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Figure 18 
. Clutch Cover 4. Springs 
. Release Lever Pins 5. Spring Cups 


NOT PWN = 


6. Pressure Plate Drive Lugs 
7. Release Levers 


Figure 19 
TW-15, TW-25 and TW-35 Clutch Tools 


. Adaptor Ring, Tool No. 1194 


Spindle Nut, Tool No. 1280 (SW 510-9) 

Thrust Washer, Tool No. 1281 (SW 510-10) 
Release Lever Gauge, Tool No. 1267 (SW 510-2) 
Gauge Spacer, Tool No. 1193 

Fixture Base, Tool No. 1283 (SW 510-60) 
Bridge, Tool No. 1268 (SW 510-3) 
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Figure 20 
TW-15, TW-25 and TW-35 Clutch Disassembly 
using an Hydraulic Press 


1. Press Ram 

2. Clevis Pin 

3. Bridge, Tool No. 1268 (SW 510-3) 
4. Clutch Assembly 


NOTE: A suitable hydraulic press and the 
Bridge, Tool No. 1268 (SW 510-3), may be 
used to compress the clutch cover as shown in 
Figure 20. 


The press must be capable of producing a 
pressure of more than 3000 Ibf (1400 kg). 
Compress the clutch assembly only enough to 
facilitate removal of the release lever clevis 
pins. 


2. Bolt the assembled fixture base to a work 
bench. 


IMPORTANT: Ensure the mounting area is 
level and the mounting bolts are torqued 
equally to eliminate the possibility of warping 
the fixture. 
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Figure 21 
TW-15, TW-25 and TW-35 Clutch Located 
in Fixture 


. Thrust Washer 

. Release Lever 

. Release Lever Spring 
. Fixture Base 


Washer 
Clevis pin 
Clutch Cover 
Bridge 


. Spindle Nut 


Thoroughly clean the mating surfaces on 
the clutch pressure plate and cover 
assembly. Mark both the clutch cover and 
the pressure plate so that the cover can be 
installed in the same position. 


Centre the assembled clutch pressure plate 
and cover assembly on the fixture base, 
Figure 21. Install the Brdige, Tool No. 1268 
(SW 510-3), the Thrust Washer, Tool No. 
1281 (SW 510-10) and the Spindle Nut, 
Tool No. 1280 (SW 510-9), as shown. 


Tighten the spindle nut and compress the 
clutch mechanism until — sufficient 
clearance is obtained to facilitate removal 
of the release lever clevis pins. 


FO Ne en 


6. Note the direction from which the clevis 


pins are installed then extract the split pins, 
remove the flat washers and pull the clevis 
pins from the clutch assembly. Note the 
installed position then remove the four 
release lever springs. 


Loosen the spindle nut to relieve the clutch 
assembly spring tension. Remove the nut, 
thrust washer and bridge. 


Lift the clutch cover from the assembly. 
Withdraw the release lever pins and levers 
from the clutch cover, Figure 18. 


Remove the spring cups then remove the 
springs and spring seats from the pressure 
plate. 


INSPECTION AND REPAIR 


1. 


Examine the pressure plate for cracks, 
scoring or distortion. Inspect the release 
levers, pivots and adjusting screw ends for 
wear or damage. Replace if necessary. 


Examine the spring seats and asbestos 
washers for damage. The asbestos 
washers prevent spring weakening due to 
excessive heat. If the asbestos washers are 
damaged the springs should be replaced. 


Check the pressure springs do not show 
extreme discolouration from overheating 
and conform to the required rating, see 
Page 3, ‘Specifications’ — Chapter 3. 
Install new springs, tf necessary. 
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4. Install anew clutch disc if the cera-metallic 
inserts are loose or excessively worn. Heat 
discolouration is normal. 


IMPORTANT: /nvestigate the source of any 
oil or grease on the facings and rectify before 
installation of a new disc. 


RE-ASSEMBLY 


Prior to re-assembly, coat the sides of the 
pressure plate drive lugs, where the release 
levers rub, with a silicon base grease. 


RE-ASSEMBLY AND ADJUSTMENT 
USING TOOL NO. FT.7110 (SW 12B) 


NOTE: A new clutch assembly should be 
checked and if necessary, adjusted. Follow 
Steps 1, 4, 6 — 12. 


1. Locate the clutch pressure plate assembly 
within the twelve adaptors mounted on the 
base plate. 


2. Locate all spring seats, washers, springs 
and spring cups on the pressure plate 
assembly as shown in Figure 18. 


Install the release lever pins and levers on 
the clutch cover lugs. 


3. Place the clutch cover and release lever 
assembly over the springs and align the 
reference marks previously noted during 
disassembly. 


4. Secure the assembly to the adaptors with 
the twelve special bolts. Tighten the bolts 
evenly and diagonally across the clutch. 


5. Install the four release lever springs, clevis 
pins, flat washers and new split pins. 


6. Locate the Actuator 


PWN 


Figure 22 
Settling Clutch Mechanism 


. Actuator Cam Platform Extension Tool No. 


STM 7707 


. Clutch Assembly 
. Base Plate, Tool No. STM 7704 


Bolt 


. Actuator, Tool No. FT.7110/28 (SW 12B/28) 


Cam_ Platform 
Extension, Tool No. STM 7707, on the 
threaded pillar of the actuator with the 
flange of the extension facing downwards. 
Screw the actuator into the Spider, Tool 
No. 99MA/1, of the tool base until the 
flange of the extension contacts the clutch 
release levers, Figure 22. 


NOTE: Before checking a new clutch, remove 
the assembly locking pieces located between 
each clevis pin and the cover. 


7. Operate the handle of the actuator to 


. Locate the Pillar 


depress the clutch release levers and 
repeat several times to settle the clutch 
mechanism. Remove the actuator and 
extension. 


Spacer, Tool No. 
STM 7704, in the Bridge Spider, Tool No. 
99MA/1, of the tool base and position 
Centre Spacer, Tool No. FT.7110-3/1 
(SW 12B-3) over the pillar, Figure 23. 


18 


PART 4—CLUTCHES 


AWN 


9. 


10. 


11. 


12. 


Figure 23 


TW-15, TW-25 and TW-35 Clutch Release 
Lever Adjustment 


. Gauge Finger, Tool No. STM 6755 

. Release Lever Adjusting Screw 

. Bridge Spider, Tool No. 99MA/1 

. Centre Spacer, Tool No. FT.7110-3/1 


(SW 12B-3) 


Place the Gauge Finger Body, Tool No. 
STM 6018, over the pillar and install the 
Gauge Finger, Tool No. STM 6755, with 
the ground side facing downwards. 
Secure with the Locknut, Tool No. STM 
6020, as shown in Figure 23. 


Rotate the gauge finger over each release 
lever in turn. Where necessary, turn the 
adjusting screw in or out until a slight drag 
is felt as the gauge finger passes across the 
release lever. Apply slight hand pressure 
on the lever and the gauge as each lever is 
checked. 


Remove the centre pillar spacer and finger 
gauge assembly. 


Gradually loosen each of the cover-to- 
adaptor retaining bolts and lift the pressure 
plate and cover assembly from the base 
plate. The clutch is now ready for 
installation on the engine. 


CHAPTER 1 


Figure 24 
Adaptor Ring Installation 


1. Fixture Base 
2. Adaptor Ring, Tool No. 1194 


RE-ASSEMBLY AND ADJUSTMENT 
USING TOOL NO. 2142 (SW 510) 


NOTE: A new clutch assembly should be 
checked and, if necessary, adjusted, Follow 
Steps 8 — 12. 


1. Place the clutch pressure plate assembly 
on the clutch fixture base. Place all spring 
seats, washers, springs and spring cups on 
the pressure plate assembly as shown in 
Figure 18. 


2. Install the release lever pins and levers on 
the clutch cover lugs. 


3. Place the clutch cover and release lever 
assembly over the springs and align the 
reference marks previously noted during 
disassembly. 


4. Install the bridge, thrust washer and 
spindle nut, Figure 21. 
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Figure 25 
TW-15, TW-25 and TW-35 Clutch Release 
Lever Adjustment 
1. Release Lever Gauge, Tool No. SW 510-2 
2. Clutch Cover-to-Adaptor Ring Bolts 
3. Gauge Spacer, Tool No. 1193 
4. Release Lever Adjusting Screw 


. Centre the clutch assembly on the fixture 


base then tighten the spindle nut to 
compress the clutch mechanism until 
sufficient clearance is obtained so as to 
facilitate installation of the release lever 
clevis pins. 


. Install the four release lever springs, clevis | 


pins, flat washers and new split pins, 
Figure 21. 


. Remove the spindle nut, thrust washer and 


bridge from the spindle. Remove the 
clutch pressure plate and cover assembly 
from the fixture base. 


. Use the three nuts and bolts to mount the 


Adaptor Ring, Tool No. 1194, on the 
fixture base, Figure 24. Securely tighten 
the bolts. 


. Position the clutch pressure plate and 


cover assembly on the adaptor ring and 
secure with the twelve clutch attaching 
bolts, Figure 25. Tighten the bolts evenly 
and diagonally across the clutch 
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Figure 26 


TW-15, TW-25 and TW-35 Clutch Disc Locator 
1. Flywheel 


2. Clutch Disc Damper Springs 
3. Disc Locator, Tool No. FT.7103 or 7429 


NOTE: After installing a new clutch on the 
adaptor ring and fixture base, remove the 
assembly locking pieces located between each 
clevis pin and the cover. 


10. Install the Gauge Spacer, Tool No. 1193, 


11. 


12. 


13. 


and the Release Lever Gauge, Tool No. 
SW 510-2, on the spindle as shown. 


Rotate the release lever gauge across each 
release lever in turn. Where necessary, 
turn the adjusting screw in or out until a 
slight drag is felt as the gauge finger passes 
across the release lever. Apply slight hand 
pressure on the lever and the gauge as 
each lever is checked. 


Remove the release lever gauge and gauge 
spacer. 


Gradually loosen each of the cover-to- 
adaptor retaining bolts and lift the pressure 
plate and cover assembly from the adaptor 
ring. The clutch assembly is now ready for 
installation on the engine. 
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INSTALLATION 


IMPORTANT: When installing a new 
pressure plate or cover assembly the pressure 
plate friction face must be wiped clean with 
white spirit to remove the protective film. 


1. Lightly lubricate the hub splines of the 
transmission input shaft with the specified 
grease, see Page 3, ‘Specifications’ — 
Chapter 3. Check for spline damage. 


2. Position the clutch disc on the flywheel 
with the marked face and damper splines 
towards the flywheel. Use Disc Locator, 
Tool No. FT.7103 or 7429, to centralise the 
disc on the flywheel, Figure 26. 


3. Position the clutch cover assembly on the 
flywheel using the reference marks as a 
guide. 


Install the twelve cover-to-flywheel bolts 
and while holding up on the pressure plate 
assembly, tighten the bolts finger tight, 
visually checking that the cover is centred 
in the flywheel. Starting with the bottom 
two bolts first, tighten the bolts in a 
diagonal pattern to the correct torque, see 
Page 3, ‘Specifications’ — Chapter 3. 


4. Remove the locator tool from the clutch 
disc then reconnect the engine to the front 
transmission as described in 
“SEPARATING THE TRACTOR” 
Part 12. 


PART 4 
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Chapter 2 
SERVICING CLUTCH ASSOCIATED PARTS 


Section 


Page 


A. CLUTCH PILOT BEARING AND P.T.O. DRIVE PLATE — 
DESCRIPTION AND OVERHAUL | 1 


B. CLUTCH RELEASE BEARING — DESCRIPTION AND 


OVERHAUL 


C. CLUTCH RELEASE SHAFT BUSHINGS — OVERHAUL 


> 


D. CLUTCH PEDAL BUSHINGS — OVERHAUL 


A. CLUTCH PILOT BEARING AND P.T.O. DRIVE PLATE — DESCRIPTION AND 


OVERHAUL 


DESCRIPTION 


For the Ford TW-5, TW-15, TW-25 and TW-35 
Tractors, a pre-lubricated ball bearing is 
installed at the rear end of the engine 
crankshaft within the flywheel to support the 
front end of the transmission input shaft. 


The bearing is retained by the P.T.O. drive 
plate. 


OVERHAUL 
REMOVAL 


1. Remove the clutch and disc, as detailed in 
Chapter 1. 


2. Withdraw the six bolts from the P.T.O. 
drive plate, Figure 1. 


IMPORTANT: Ensure the flywheel is 
supported before the P.T.O. drive plate is 
removed. 


3. Remove the P.T.O. drive plate and 
immediately install at least two of the six 
bolts through the flywheel into the 
crankshaft. Tighten the bolts to secure the 
flywheel. 


Figure 1 
P.T.O. Drive Plate Installed 


1, 
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Figure 2 
Clutch Pilot Bearing Removal 
1. Puller, Tool No. 943 or 9507 


2. Bearing 
3. P.T.O. Drive Plate 


Figure 3 
Clutch Pilot Bearing Installation 


1. Sleeve 
2. P.T.O. Drive Plate 
3. Step Plate Adaptor, Tool No. 630-13 


INSPECTION AND REPAIR Alternatively, use a suitable size Step Plate 
Adaptor, Tool No. 630-S or 9210, to install 
1. Inspect the drive plate and the pilot bearing the bearing. 
for excessive wear or damage. lf 
necessary, use Slide Hammer, Tool No. 
943-S or 9567 and Puller, Tool No. 943 or 
9507, to remove the P.T.O. drive plate 
bearing, Figure 2. NOTE: 7he area to the front of the bearing 
within the flywheel should be packed with a 
suitable high melting point grease whenever 


overhauling or installing the bearing. 
INSTALLATION 9 9g earing 


1. Clean the inside diameter of the drive plate 
and the outside diameter of the pilot 


bearing to remove all traces of oil, grease, 4. Hold the flywheel in position. Remove the 


rust inhibiter, etc. 


(60 mm) I.D. and 2.62 in (66 mm) O.D. to 
install the bearing, shield side facing 
outwards, into the P.T.O. drive plate, 
Figure 3. 


bolts and install the P.T.Q. drive plate. 
Align all mating holes and install the six 


2. Apply a proprietary brand of retaining bolts, Figure 1. Tighten the bolts to the 
compound to the full inside diameter of the specified torque, see Page 3, ‘Specifica- 
drive plate. tions’ — Chapter 3. 

3. Use a convenient length sleeve 2.38 in 


Install the clutch and disc as detailed in 
Chapter 1. 
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B. CLUTCH RELEASE BEARING — DESCRIPTION AND OVERHAUL 


DESCRIPTION 3. Support the fork and the release bearing 
hub assembly then extract the release 
The Ford TW-5, TW-15, TW-25 and TW-35 shaft. 


Tractors incorporate a pre-lubricated clutch 
release bearing. 


4. Remove the fork and withdraw the release 
bearing assembly. 


OVERHAUL 

REMOVAL INSPECTION AND REPAIR 

1. Separate the engine from the front 1. Examine the clutch release. hub and 
transmission, see ‘“SEPARATING THE bearing for excessive wear or damage. 


TRACTOR” — Part 12. 


2. If necessary, use Puller Attachment, 
Tool No. 951 or 9190 a Step Plate, 


2. Withdraw the split pins and remove the Tool No. 630-10 or 9210, and a suitable 
clevis pins from the clutch release fork, press to separate the release bearing from 
Figure 4. the hub, Figure 5. 
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Figure 4 Figure 5 
Clutch Release Bearing Installed Separating Clutch Release Bearing and Hub 
1. Clutch Release Cross Shaft . Release Bearing 
2. Release Fork . Puller Attachment, Tool No. 951 or 9190 


3. Release Hub and Bearing Assembly . Release Hub 
4. Clevis Pins . Step Plate, Tool No. 630-10 or 9210 
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Figure 6 
Installing Clutch Release Bearing 
. Sleeve 
. Release Bearing 
. Release Hub 
. Step Plate, Tool No. 630-13 or 9210 


ON > 


3. Use Step Plate, Tool No. 630-13 or 9210, a 
convenient length sleeve 2.38 in (60 mm) 
I.D. and 2.62 in (66 mm) O.D. and a 
suitable press to install a new bearing, 
Figure 6. 


4. Inspect the clutch release fork for cracks or 
excessive wear and, if necessary, install a 
new fork. 


5. Examine the cross: shaft and arm for 
distortion or excessive wear and, if 
necessary, install a new assembly. 


INSTALLATION 


Installation of the clutch release bearing 
follows the removal procedure in reverse. On 
installation observe the following 
requirements: 


e Lubricate the hub bore and lugs with a high 
melting point grease. 


e After installation ensure the release bearing 
operates correctly when the clutch pedal is. 
depressed. 


e Check and, if necessary, adjust the clutch 
release shaft free-play and clutch pedal free 
travel as detailed in Chapter 1. 


C. CLUTCH RELEASE SHAFT BUSHINGS — OVERHAUL 


REMOVAL 


1. Remove the clutch release shaft as 
previously described in this Chapter. 


2. Use Bushing Kit, Tool No. 818 or 9514, to 
drive the bushing out of the _ front 
transmission housing. 


INSTALLATION 


1. Use Bushing Kit, Tool No. 818 or 9514, to 
install the new bushings, chamfered ends 
first, into the transmission housing. On 
installation ensure the bushings are flush 
with the outside edge of the hole. 


2. Re-install the clutch release shaft as 
previously described in this Chapter. 
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D. CLUTCH PEDAL BUSHINGS — OVERHAUL 


DESCRIPTION 


The clutch pedal linkage for the Ford TW-5, 
TW-15, TW-25 and TW-35_ Tractors 
incorporates two pairs of bushings, one pair 
supports the pedal and shank assembly and 
the other pair the crank assembly. The two sets 
of bushings are similar and the removal 
procedures are as follows: 


With reference to Figure 7. 


(a) Clutch Pedal and Shank Bushings 


1. Remove the split pin and clevis pin then 
disconnect the clutch control rod and 
turnbuckle assembly from the clutch pedal 
shank. 


2. Withdraw the roll pin from the pedal 
support and extract the pedal shaft. As the 
shaft is withdrawn, remove the pedal and 
shank assembly and the assist spring. 


CAUTION: The shank is under pressure from 
the assist spring. Take care when removing the 
clutch pedal shaft. 


3. Use Bushing Kit, Tool No. 818 or 9514, to 
drive out the two bushings from the clutch 
pedal. 


(b) Clutch Linkage Crank Bushings 


1. From beneath the cab or platform, remove 
the split pin and clevis pin to disconnect the 
lower end of the clutch control rod and 
turnbuckle assembly from the linkage 
crank. 


2. Remove the split pin and clevis pin to 
disconnect the upper end of the lower 
clutch control rod from the linkage crank. 


3. Extract the roll pin from the crank bracket 
attached to the underside of the cab or 
platform then withdraw the crank shaft 
and remove the linkage crank. 


4. Use Bushing Kit, Tool No. 818 or 9514, to 
drive out the two bushings from the clutch 
linkage crank. 


INSTALLATION 


Installation of the clutch pedal and linkage 


crank bushings follows the removal procedure 
in reverse. 


NOTE: Use Bushing Kit, Tool No. 818 or 9514, 
to install the new bushings chamfered end 
first. | 


After installation check and, if necessary, 
adjust the clutch pedal free travel as detailed on 
Page 2, Chapter 1. 


Figure 7 
Clutch Pedal Linkage Assembly 
. Clutch Pedal Assist Spring 
. Clutch Pedal and Shank Assembly 
. Clutch Linkage Crank 
. Clutch Linkage Shaft 


. Clutch Control Rod and Turnbuckle Assembly 
. Clutch Pedal Shaft 
. Clutch Pedal Support 


1 
2 
3 
4 
5. Lower Clutch Control Rod Assembly 
6 
7 
8 


Tes PART 4 Ci i TCH ES aaa 


PART 4 
CLUTCHES 


Chapter 3 
TROUBLE SHOOTING, SPECIFICATIONS AND 
SPECIAL TOOLS 
Section Page 
A. TROUBLE SHOOTING 1 
B. SPECIFICATIONS 2 
C. SPECIAL TOOLS 4 


A. TROUBLE SHOOTING 


Before removing the disc and cover assemblies from the tractor, attempt to isolate the trouble by 
referring to the corrective action for the specific problem listed below. 


PROBLEM POSSIBLE CAUSES REMEDY 


Excessive clutch 1. Worn clutch disc 1. Replace disc. Refer to Page 
pedal free play or 3, “CLUTCHES — 
loss of adjustment OVERHAUL” — Chapter 1 
reserve 
. Clutch linkage out of 2. Adjust linkage. Refer to 
adjustment Page 2, ‘“CLUTCH 
RELEASE SHAFT FREE 
PLAY AND CLUTCH 
PEDAL FREE TRAVEL” — 
Chapter 1. 


Clutch noisy when . Defective release bearing . Refer to Page 3, Chapter 2, 
free for procedures 


Defective clutch pilot bearing . Refer to Page 1, Chapter 2, 
for procedures 


Clutch slipping . Incorrect pedal free travel . Adjust free travel. Refer to 
Page 2, Chapter 1, for 
adjustment procedures 


Worn disc facings . Refer to Page 3, 
“CLUTCHES — OVER- 
HAUL” — Chapter 1, for 
disc installation procedures 


Clutch pressure springs weak . Overhaul or install a new 

from overheating clutch assembly. Refer to 
Page 3, ‘“CLUTCHES — 
OVERHAUL” — Chapter 1 


ITT PART A CLUTCHES se 


PROBLEM POSSIBLE CAUSES REMEDY 


Clutch fails to 1. Defective clutch disc 1. Replace disc. Refer to Page 
engage smoothly 3, Chapter 1 
2. Defective pressure plate 2. Replace pressure plate 
assembly assembly. Refer to Page 3, 
Chapter 1, for installation 
procedures 
3. Worn clutch pilot bearing 3. Refer to Page 1, Chapter 2, 
for bearing removal and 
installation 
4. Defective flywheel 4. Refer to Part 1, “ENGINE 


SYSTEM”, for flywheel 
removal and installation 


Refer to Page 2, ‘‘CLUTCH 
RELEASE SHAFT FREE 
PLAY AND CLUTCH 
PEDAL FREE TRAVEL” 
adjustment procedures, 
Chapter 1 


1. Pedal free travel out of 
adjustment 


Difficulty in 
engaging gears 


. Adjust assembly, Page 3, 
Chapter 1, or install a new 
assembly 


Damaged or out of 
adjustment release levers 


Broken clutch pedal return 1. Install a new spring 


spring 


Pedal will not 
return completely 
to released 

position 


B. SPECIFICATIONS 


DISC ASSEMBLY 

Type Single disc dry plate — Cera-metallic 
buttons 

Diameter: 

Ford TW-5 13 in (330 mm) 

Ford TW-15, TW-25 and TW-35 14 in (355 mm) 

Number of Cera-Metallic Inserts: 

Ford TW-5 6 

Ford TW-15, TW-25 and TW-35 8 

Disc Assembly Thickness: 

Ford TW-5 0.405 in (10.29 mm) 

Ford TW-15, TW-25 and TW-35 0.463 in (11.76 mm) 

Number of Hub Splines 10 

Type of Hub Splines Straight parallel sides 
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B. SPECIFICATIONS (Continued) 


PRESSURE PLATE AND COVER ASSEMBLIES 


Type: 

Ford TW-5 Flat mounted 

Ford TW-15, TW-25 and TW-35 Pot Type 

Number of Pressure Springs: 

Ford TW-5 16 

Ford TW-15, TW-25 and TW-35 15 

Colour of Springs: 

Ford TW-5 Pink with Black Stripes 

Ford TW-15, TW-25 and TW-35 No Colour Code 

Spring Load at Compressed Length of 

1.54 in (39.1 mm) 

Ford TW-5 140.5 Ib + 5 Ib (63.7 Kg + 2.3 Kg) 
Ford TW-15, TW-25 and TW-35 205 Ib + 5 lb (93 Kg + 2.3 Kg) 


Release Lever Height: 


Ford TW-5 (Measured from flywheel friction 


face with new friction disc) 2.125 — 2.187 in (54 — 55.6 mm) 
*Ford TW-15, TW-25 and TW-35 (Measured 

from pressure plate friction face) 2.396 — 2.426 in (60.9 — 61.6 mm) 
Type of P.T.O. Independent 

Pedal Free Travel 1.12 — 1.62 in (28.4 — 41.1 mm) 
Clutch Release Shaft Free-play (As measured 

at the centre of the clevis pin attaching hole) 0.9 — 1.2 in (22.9 — 30.5 mm) 
Clutch Release Bearing Lubricant Non-fibrous, lithium base grease 


Clutch Disc Hub to Transmission Input Shaft 
Splines Lubricant ESA-MIC75-B 


*Measurement must be taken with pressure plate mounting face 1.58 in (40. 1 mm) from pressure 
plate friction face. 


TORQUE SPECIFICATIONS 


Ford TW-15, 
TW-25 and TW-35 


Clutch Thrust Plate Retaining Bolts 
Clutch Cover-to-Flywheel Bolts 

Clutch Pedal Operating Rod Turnbuckle 
Locknut 

P.T.O. Drive Plate Bolts 
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C. SPECIAL TOOLS 


(Prior Tool Numbers, where applicable, are shown in brackets) 


DESCRIPTION 


Step Plate Adaptors (Set of Eleven) 9210 (630S) 
Step Plate Adaptors (Set of Six) 9211 (630T) 
Bushing Kit 9514 (818) 
Internal/ External Puller 9507 (943) 
Slide Hammer 9567 (943S) 


Pulling Attachment 9190 (951) 
Clutch Disc Locator — 13 in (330 mm) 
Clutch 

Clutch Disc Locator — 14 in (355 mm) 
Clutch 

Clutch Overhaul and Adjustment Fixture 
Clutch Setting Adaptor — 13 in 

(330 mm) Clutch 

Clutch Setting Adaptor Kit — 14 in 

(355 mm) Clutch 


FT.7102 (SW 14) 1262 (SW 509) 


FT.7103 (SW 31) 7429 


FT.7110 (SW 12B) i 


2142 (SW 510) 
FT.7110-2 (SW 12B-2) 


FT.7110-3 (SW 12B-3) 1193 and 2680 
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Chapter 1 
SEVEN AND EIGHT SPEED TRANSMISSION 


Section Page 
A. TRANSMISSION — DESCRIPTION AND OPERATION 1 
B. PARKING BRAKE ACTUATOR, ROD AND LINKAGE 

ADJUSTMENT 4 
C.  GEARSHIFT MECHANISM — OVERHAUL AND 
ADJUSTMENT 8 
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OVERHAUL 16 
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OVERHAUL 32 
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A. TRANSMISSION — DESCRIPTION AND OPERATION 


The basic eight-speed transmission for the 
Ford TW-5, TW-15, TW-25 and TW-35 
Tractors is of a constant mesh design and 
provides eight forward and two reverse 
speeds. 


The speeds are selected by two levers, located 
forward of the hydraulic control console, 
which are connected through linkage to the 
gearshift arm and the high-low shift arm on the 
right-hand side of the transmission case. The 
gearshift arm selects four forward and one 
reverse ratio, whilst the high-low arm provides 
the high and low range as well as the parking 
brake. The gear train connections are made 
through an interlock mechanism and a shift 


finger to slide the couplings and connectors to 
engage the gears. See Figure 1. Power flow 
and gearshift positions are shown in Figure 2. 


The Dual Power transmission has a planetary 
gear set enclosed in a housing and mounted in 
the forward compartment of the transmission 
case. The unit transmits power received from 
the engine through a planetary gear system to 
the transmission mainshaft. It is hydraulically 
operated to provide a direct drive or underdrive 
ratio for each of the eight forward and two 
reverse gear ratios, thereby providing sixteen 
forward speeds and four reverse speeds. Refer 
to ‘Dual Power Transmission’ — Chapter 2. 
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Figure 1 
Gear Identification 


Secondary Countershaft 
Output Shaft Gear 

Output Shaft 

High/Low Sliding Coupling 
3rd and 7th Gear 

Reverse Gear 

1st and 5th Gear 

2nd and 6th Gear 


Seo an 


The front transmission is pressure lubricated 
by a gerotor low pressure hydraulic pump. The 
pump which is mounted on the rear of the 
transmission and is driven by the main P.T.O. 
shaft, serves two purposes. First of all it 
supplies low pressure lubrication oil to the oil 
cooler, Dual Power clutches, transmission, 
P.T.O. clutch, final drive planetary gears and 


9. Main Countershaft 
10. Sliding Couplers 
11. Input Shaft 
12. Mainshaft 
13. 4th and 8th Gear Sliding Coupling 
14. Thrust Bearing Location 
15. Sliding Coupler Spacer Location 


the P.T.O. stub shaft. Secondly, it supplies 
low pressure oil to all hydraulically controlled 
functions (except the hydraulic lift and remote 
valves) such as the Dual Power clutches, 
differential lock clutch, P.T.O. clutch and 
brake and to the power brake valve and brakes 
on TW-35 Tractors. Refer to ‘Low Pressure 
Hydraulic System’ — Chapter 3. 
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Figure 2 
Power Flow and Gear Shift Positions 
L. Low N. Neutral 
H. High R. Reverse 


—— 
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Figure 3 
Lubrication Oil Flow—Less Dual Power 


Secondary Countershaft 

Oil Level 

Rear Countershaft Bearing Retainer 
Output Shaft 

Main Countershaft 

Lubrication Supply Tube 

Release Hub Support 

From Cooler 

Manifold 

Mainshaft 
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LUBRICATION OIL FLOW 
With reference to Figure 3. 


Lubrication oil for the transmission is drawn 
from the rear axle centre housing by the low 
pressure hydraulic pump and is directed 
through the regulating valve to the oil cooler. 
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The oil passes through the cooler and is 
directed by tubing through the manifold and 
lubrication supply tube to the release hub 
support and the main countershaft bearing 
retainer. Oil entering the release hub support 
flows through a drilled passage to lubricate the 
mainshaft bearing and shaft. Oil directed to the 
main countershaft bearing retainer flows into 
the centre passage of the main countershaft 
and output shaft and lubricates the bearings 
and gears through cross drillings in the two 
shafts. As the components on the counter- 
shaft and output shaft revolve, oil is carried to 
the mainshaft and secondary countershaft to 
lubricate the upper gears and bearings. 
Passages in the rear countershaft bearing 
retainer allow oil to pass from the transmission 
into the rear axle centre housing to form a 
common oil reservoir. 


SERVICE INSTRUCTIONS 


When servicing the transmission, take care to 
prevent dirt or other contaminants from enter- 
ing the transmission case. Thoroughly clean 
and inspect all parts prior to installation. If 
parts do not assemble freely, inspect for 
damage or incorrect assembly. Always install 
new gaskets, seals, O-ring seals and split pins. 


- Coat new gaskets with a thin film of grease to 


retain in position. 


B. PARKING BRAKE ACTUATOR, ROD AND LINKAGE ADJUSTMENT 


REMOVAL AND DISASSEMBLY 


1. Remove the centre platform to gain access 
to the transmission top cover, Figure 4. 


2. For the TW-35 Tractor, disconnect the 
brake system return-to-sump hydraulic line 
from the top of the transmission case cover 
and at the union, Figure 4. Cap or plug the 
lines and fittings to prevent the entrance of 
dirt into the system. 


3. Disconnect the rear axle lubrication line 
from the left-hand side of the rear axle 
centre housing and from the “’T”’ at the 
right-hand front side of the transmission, 
Figure 5. Remove the line from the tractor. 


Cap or plug the lines and fittings to prevent 
the entrance of dirt into the system. 


CHAPTER 1 


Figure 4 Figure 5 
Centre Platform Preparing for Transmission Top Cover 
1. Shift Lever Guard Removal — TW-35 Shown 
2. High/Low Shift Lever 1. Rear Axle Lubrication Line 
3. Centre Platform 2. Brake System Return-To-Sump Line 
4. Gearshift Lever (TW-35 Only) 
3. Union 


4. Remove the split pin and clevis pin to dis- 
connect the parking brake actuating lever 
from the control rod, Figure 6. 


5. Place an adjustable wrench on the spring 
anchor as shown in Figure 7. Remove the 
front anchor bolt whilst applying inward 
pressure on the wrench. Turn the anchor 
to relieve pressure on the actuator spring 
as shown. 


6. Withdraw the rear anchor bolt. Remove 
the anchor and actuator spring. 


Figure 6 
Parking Brake Adjustment 


1. Actuator Lever 
2. Adjustment Bolts 
ae | 3. Stop 
7. Remove the remaining cover-to-case 4. Index Mark 
bolts. 5. Control Rod 
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Figure 7 Figure 8 
Parking Brake Actuator Removal and Parking Brake Pawl and Actuator Hub — 
Installation Transmission Cover Pivoted 


1. Actuating Hub 1. Actuator Hub 

2. Adjusting Bolts 2. Roll Pin 

3. Actuator Lever Assembly 3. Parking Brake Rod 
4. Anchor 4. Hairpin 

5. Actuator Spring 5. Parking Brake Pawl 


8. Partially lift the cover from the case and INSPECTION AND REPAIR 
pivot to gain access to the hair pin which 
secures the parking brake rod to the 1. 
parking brake pawl, Figure 8. Remove the 
hair pin and washer then separate the rod 
from the pawl. Remove the cover from the 


Case. 


Inspect the transmission cover for damage 
or distortion. 


2. Examine the points where the parking 
brake rod attaches to the pawl and 
actuating lever for excessive wear, Figure 


9. Extract the roll pin from the parking brake z 


actuating hub, Figure 8. Remove the hub 
and washer from the shaft. 
3. Inspect the parking brake rod for distortion 
and wear. 


10. Remove the parking brake shaft and lever 


11. 


assembly from the cover by gently tapping 
the shaft down through the cover. Extract 
the parking brake O-ring seal from the 
cover. 


Remove the cover gasket. 


Place the parking brake shaft in the cover 
and check for excessive looseness. 
Replace the shaft or cover as required. 


NOTE: For satisfactory operation of the 
transmission parking brake, replace any 
excessively worn or damaged parts. 
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RE-ASSEMBLY AND INSTALLATION 


With reference to Figure 8. 


1 


10. 


. Install 


With the parking brake rod and actuating 
lever attached to the shaft, lightly lubricate 
the shaft and install a new O-ring seal. 
Place the assembly in the cover. 


. Install the washer over the shaft. Place the 


actuating hub on the shaft and secure with 
the roll pin. 


a new cover gasket on the 
transmission case. Place the cover and 
lever assembly on the case, as shown, 
whilst guiding the parking brake rod into 
the parking brake pawl. Place a washer on 
the rod and secure with the hairpin. 


. Secure the cover with the cover-to-case 


bolts. Do not tighten at this time. 


. Install the actuator lever assembly on the 


actuator hub with the two adjusting bolts, 
Figure 7. 


. Install the anchor with the rear anchor bolt 


finger tight. Install the anchor spring 
between the anchor and the actuator lever. 
Place an adjustable wrench on the anchor, 
as shown, and compress the spring. Install 
the front anchor bolt. Tighten the cover- 
to-case bolts to the correct torque, see 
Page 13, ‘Specifications’ — Chapter 4. 


. Connect the linkage to the actuator lever 


with a clevis pin and a new split pin, Figure 
6. 


. Connect the rear axle lubrication line to the 


fitting on the left-hand side of the rear axle 
centre housing and to the “’T”’ fitting on the 
right-hand front side of the transmission, 
Figure 5. Securely tighten the fittings. 


Connect the brake system return-to-sump 
line to the union and to the top of the 
transmission case cover as_ shown. 
Securely tighten the fittings. 


Adjust the parking brake as follows: 


PARKING BRAKE LINKAGE 
ADJUSTMENT 


1. 


Remove the transmission top cover access 
panel, Figure 4. 


2. Place the high/low parking brake lever in 


the park position, making sure that the 
pawl inside the transmission is resting on 
TOP of a tooth of the coupling in the trans- 
mission. 


In this position, the index mark should 
align with the inside edge of the stop as 
shown in Figure 6. If not aligned, loosen 
the adjustment bolts then  retighten 
alternately until the correct stop-to-index 
relationship exists. 


Take the high/low parking brake lever out 
of the park position. In this position the 
stop arm will contact the stop on the 
anchor bracket. 


Remove the clevis pin that secures the 
linkage to the actuator lever, Figure 6. 
Adjust the linkage to its maximum length 
without binding when attached to the 
lever. When the correct length is obtained, 
tighten the jam nut and secure the linkage 
to the actuating lever with the clevis pin 
and a new split pin. 


Check ‘Park Lock Indicator Adjustment’ as 
detailed on Page 15. 
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C. GEARSHIFT MECHANISM — OVERHAUL AND ADJUSTMENT 


Figure 9 
Shift Levers — Removal and Installation 


. High/Low Park Brake Lever 

Boot 

. High/Low Park Brake Lever Clamp Bolt 
. Gearshift Lever Clamp Bolt 

Gearshift Levers 


RW 


REMOVAL 


1. Remove the boot-to-platform screws. 
Slide the boot up the shift levers to gain 
access to the shift lever clamp bolts, Figure 
9. Remove the bolts and lift the levers off 
the shift mechanism. 


2. Withdraw the split pin and clevis pin to 
disconnect the parking brake control rod 
from the shift mechanism, Figure 10. 
Remove the split pin and clevis pin to dis- 
connect the interlock control rod from the 
shifter. Withdraw the split pin and clevis 
pin at the shift cover to disconnect the 
gearshift control rod. Remove the split pin 
and clevis pin to disconnect the high/low 
control rod from the shift mechanism. 


3. Remove the support brace from the shift 
mechanism and _ transmission cover. 
Withdraw the three adaptor plate-to-main 
support bolts and remove the _ shift 
mechanism from the tractor. 


NOTE: /t may be necessary to disconnect the 
P.T.O. hydraulic line from the regulating valve 
and the main hydraulic purnp cover and valve 
assembly to permit easier removal of the shift 
mechanism. 


DISASSEMBLY 
With reference to Figure 11. 


1. Loosen the interlock shift arm bolt. 
Remove the interlock shift arm, circlip, 
universal connector and park bellcrank. 


NOTE: Jake care not to lose the detent ball 
and spring when removing the park bellcrank. 


2. Withdraw the four support plate mounting 
bolts and remove the support from the 
main support. 


3. Remove the support pin attaching bolts 
and the gearshift bellcrank support pins 
(one on each side of the gearshift bell- 
crank). Remove the gearshift bellcrank. 
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Figure 10 
Gearshift Linkage 
6. P.T.O. Hydraulic Line 
7. High/Low Control Rod 
8. Interlock Control Rod 
9. Parking Brake Control Rod 


Support Brace 

Gearshift Control Rod 
Gearshift Arm 

Lower Interlock Shift Arm 
High/Low Shift Arm 


Loosen the trunnion bolt then gently tap to 
unseat and remove the parking brake bell- 
crank trunnion. Remove the trunnion bolt 
then use a punch to unseat and remove the 
high/low bellcrank trunnion. Remove the 
high/low selector lever assembly, 


high/low bellcrank and parking brake bell- 
crank. Note the order of the washers and 
shims to facilitate re-assembly. 


Slide to remove the interlock pin from the 
locating bore, Figure 12. 
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Figure 11 Figure 12 
Shift Mechanism Gearshift Mechanism — Rear Bottom View 

1. Interlock Shift Arm 1. High/Low Selector Lever Assembly 

2. Interlock Shift Arm Bolt 2. Parking Brake Bellcrank Trunnion 

3. Park Bellcrank 3. Washers 

4. Universal Connector 4. Parking Brake Bellcrank 

5. Parking Brake Bellcrank 5. Interlock Pin 

6. Support 6. Interlock Guide Pin 

7. Gearshift Bellcrank Support Pin 7. High/Low Bellcrank 

8. Support Pin Bolts 8. Main Support 

9. Gearshift Belicrank 9. Trunnion Bolt 
10. Circlip 10. High/Low Bellcrank Trunnion 

11. Shims 
INSPECTION AND REPAIR 2. Position the gearshift bellcrank support 


pins in the gearsift bellcrank and check for 
excess free-play. Also, place the support 
pins in their respective locations in the 
main control support and check for 
looseness. If loose, replace the support 
pins and/or the main control support (if the 
Problems encountered with the _ shift support pin bores are worn). 

mechanism are usually due to binding, excess 

free-play or parts breakage. 


With reference to Figure 13. 


Clean all parts thoroughly and inspect for 3. Place the park bellcrank on the support and 
cracks, wear and scoring. Check each part check for looseness. If loose replace 
involved with the shifting complaint and, if defective part. 

necessary, assemble the parts involved to help 

diagnose the problem. Replace all defective 

parts to ensure proper function of the shift 


mechanism. 4. Place the high/low bellcrank trunnions in 

the high/low belicrank parking brake bell- 

crank and the main support trunnion 

1. Place the gearshift yoke assembly in the bores. Replace the trunnions if excessively 

support. If excessively loose, replace the loose. Also, replace bellcranks and main 
bushings located in the support. support if the trunnion bores are worn. 


10 


ONMOOAWNH — 


Figure 13 
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Shift Mechanism — Exploded View 


. High/Low Selector Lever 
. Selector Lever Yoke 


High/Low Bellcrank 
Trunnion 


. Interlock Pin 

. Interlock Guide Pin 

. Main Support 

. Park Brake Bellcrank 


5. Check the high/low interlock guide pin for 


wear. Damage to the guide pin may cause 
the interlock pin to jam. Replace the guide 
pin, if worn, by punching it out with a pin 
punch of the correct size. Also, check the 
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. Interlock Shift Arm 

. Universal Connector 

. Detent Spring and Ball 

. Gearshift Yoke Support 

. Gearshift Yoke Assembly 

. Gearshift Bellcrank Support Pins 
. Gearshift Belicrank 

. Parking Brake Bellcrank 


interlock pin for wear at the shift gates and 
for looseness in its respective bore in the 
main support. Check the guide pin slot in 
the interlock pin for wear. Replace the 
interlock pin as required. 
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Figure 14 
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Park Brake Bellcrank — Exploded View 


. Gearshift Yoke Assembly 

. Gearshift Bellcrank Support Pins 
. Gearshift Bellcrank 

. Drilled Stop 

. Gearshift Yoke Support Plate 


Inspect the finger on the bottom end of the 
high/low selector lever for wear. Inspect 
the shift slots at the bottom ends of the 
high/low bellcrank and the parking brake 
bellcrank for wear. Replace any part found 
to be excessively worn. 
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6. Stop Pin 

7. Circlip 

8. Washer 

9. Park Brake Bellcrank 
10. Detent Spring and Ball 


7. Check the points at which the shift linkage 
attaches to the interlock shift arm, 
gearshift bellcrank, high/low bellcrank and 
park bellcrank. These holes should be 
round, if elongated replace the defective 
parts. 
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RE-ASSEMBLY 
With reference to Figure 14. 


NOTE: A dry /ubricant (such as powdered 
graphite or molybdenum disulphide) or a 
fubricant which dries after application is 
recommended on pivot points and wear 
surfaces. Use of grease or oil will cause an 
accumulation of dust and dirt resulting in 
binding and/or rapid wearing of the shift 
mechanism. 


1. Use the four bolts to install the gearshift 
lever support on the main support. Do not 
tighten fully at this time. Place the gearshift 
yoke assembly in the support. 


2. Place the gearshift bellcrank over the top of 
the gearshift yoke assembly. Ensure the 
notch on the yoke is facing forward. Install 
the two gearshift bellcrank support pins 
(one on each side), in the gearshift 
bellcrank and main support bores. Install 
the two support pin bolts and tighten to the 
correct torque, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 


3. Install the interlock pin in the bore within 
the main support, Figure 12. Ensure the 
guide pin is correctly installed to avoid 
binding of the interlock pin. 


4. Place the shims and washers in the 
recesses of the high/low bellcrank and 
parking brake bellcrank. Ensure the shim is 
under the washer. Set both bellcranks on 
the high/low selector lever assembly as 
shown. Ensure the notch on the selector 
lever is facing rearwards. Whilst holding 
the selector assembly between the 
bellcranks, lower the assembly into the 
shift mechanism and position the fingers 
over the interlock pin, as shown. Install 
both trunnions and secure with the bolt. 
Tighten the bolt to the correct torque, see 
Page 13, ‘Specifications’ — Chapter 4. 
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5. Measure the end-play between the 


components assembled in Step 4, see 
Page 11, ‘Specifications’ — Chapter 4. If 
the end-play is higher than specified, 
remove the assembly installed in Step 4 
and add shims as required to bring within 
specifications. 


Install the detent spring and ball in the park 
bellcrank. Whilst holding the spring and 
ball in place, slide the park bellcrank on the 
support, making sure the guide pin on the 
park bellcrank enters the drilled stop in the 
support. Place the washer on the support 
and secure the washer and park bellcrank 
with the circlip. 


Install the universal connector on the park 
bellcrank and parking brake bellcrank, 
Figure 11. Tighten the nut and bolt to the 
correct torque, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 


With the universal connector attached, 
loosen the four support plate mounting 
bolts. Rotate the park bellcrank counter- 
clockwise until the stop pin contacts the 
drilled stop in the support plate. Rotate 
both assemblies simultaneously until the 
foot of the parking brake bellcrank is 
centralized with respect to the interlock 
pin, Figure 12. Tighten the support plate 
mounting bolts to the correct torque, see 
Page 13, ‘Specifications’ — Chapter 4. 


Install the interlock arm on the pivot shaft, 
Figure 11. Position the arm 0—0.003 in 
(O—0.1 mm) from the front edge of the 
support plate shaft. 
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INSTALLATION 


1. 


Install the shift mechanism to the 
mounting plate on the transmission and 
secure with the three support-to-plate 
bolts. 


Use the clevis pins and new split pins to 
connect the high/low rod, gearshift rod, 
interlock control rod and parking brake 
control rod, as shown in Figure 10. 


Install the support brace to the shift 
mechanism and _ transmission § cover. 
Tighten the support brace bolts to the 
correct torque, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 


If the P.T.O. hydraulic line was removed, 
re-install and securely tighten the fittings. 


Place the high/low gearshift lever on the 
high/low selector lever and the gearshift 
lever on the gearshift yoke assembly, 
Figure 9. 


Perform the following ‘High/Low Lever 
and Gearshift Lever Linkage Adjustments’. 


Slide the boot down the levers and secure 
with the boot-to-platform screws, Figure 
9. 


High/Low Lever and Gearshift Lever 
Linkage Adjustment 


1; 


Remove the bolt which connects the high 
/low control rod to the high/low shift arm, 
Figure 10. Place the high/low shift arm in 
neutral. Adjust the length of the rod so that 


the lever assembly is centralized relative to 
the interlock pin when the control rod is 
attached to the shift arm and the shift arm 
is in neutral, Figure 12. Tighten the clevis 
jam nut and secure to the shift arm. 


NOTE: Jo check the above adjustment, place 
the high/low lever in neutral and move it from 
side to side. This checks the lateral movement 
of the interlock pin with regards to the lever 
assembly. 
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With the gearshift lever in 4th gear, check 
the clearance between the lever and the 
edge of the gearshift lever guard, Figure 4. 
A minimum clearance of 0.5 in (13 mm), 
must exist. To adjust, loosen the gearshift 
lever clamp bolt and rotate the lever until 
the correct clearance is obtained, Figure 9. 
Tighten the clamp bolt to the correct 
torque, see Page 13, ‘Specifications’ — 
Chapter 4. 


Place the high/low lever in the high range 
position and check the clearance between 
the lever and the edge of the guard, Figure 
4. Aminimum clearance of 0.5 in (13 mm) 
must exist. To adjust, loosen the high/low 
lever clamp bolt and rotate the lever until 
the correct clearance is obtained, Figure 9. 
Tighten the clamp bolt and move the lever 
into the park position. 


ena 


CHAPTER 1 


Figure 15 Figure 16 
High-Low-Park Lever to Guard Rail Park Lock Indicator Installation Less Plate 
Measurement 1. High-Low-Park Lever 
A. Distance from lever outer edge 2. Bracket 
1. High-Low-Park Lever 3. Spacer _ 
2. Guard Rail 4. Guard Rail 
5. Decal 


Park Lock Indicator Adjustment 


IMPORTANT: Whenever the cab has been 
removed or replaced and/or the _ tractor 
separated between the engine and trans- 
mission or transmission and rear axle, the park 
lock indicator position relative to the gearlever 
guard rail must be checked as follows: 


(i) Position the gearlever in the park 
position and remove the free play by 
pushing the lever towards the right 
side of the tractor. In this position 
measure the distance from the lever 
outer edge to the guard rail, Figure 
15. If this dimension is 0.50—0.79 in 
(13.0—20.0 mm), the slotted plate, 
normally mounted on the indicator 
bracket, is not required, Figure 16. If 
the dimension is 0.80—1.70 in 
(20.0—43.0 mm), the plate must be 
installed as shown in Figure 17. 


Figure 17 
Park Lock Indicator Installation with Slotted Plate 


NOTE: /f the dimension is greater than 1.70in 1. High-Low-Park Lever 
(43.0 mm) or less than 0.5 in (13.0 mm), the 2. Bracket 
lever must be rotated in the attachment clamp, 3. Spacer 
: : hee 4. Guard Rail 
Figure 9, or bent as required so as to be within 5, Decal 
one of the above two ranges. 6. Slotted Plate 
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(ii) With the lever in the park position, 
install the bracket and the slotted 
plate, if required, to the guard rail so 
the detent contacts the lever. Insert 
the spacers in between the bracket 
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NOTE: The following adjustments are nominal 
adjustments used to maintain correct clear- 
ance between the shiftlevers and the shift lever 
guard. Some variations may exist between 
tractors. Re-adjust as necessary. 


members and secure the bracket or 
bracket/plate with the two bolts, flat 
washers and lock nuts. 


NOTE: /f the plate is used, adjust it within the 
slots as required to contact the lever. 


(iii) Shift the lever in and out of the park 
position several times to ensure the 
lever moves freely and remains in the 
detent when in the park position. 


(iv) Recheck the tractor on a slope to 
ensure the transmission is locked in 
park with the lever in the park 
position. 


(v) Place the lever in the high position 
and recheck for a minimum clearance 
of 0.5 in (13 mm). 


IMPORTANT: /f correct clearance between 
the shift levers and shift lever guard cannot be 
obtained, the gearshift linkage must be 
adjusted as in the following steps. 


4. Check the length of the interlock control 


rod, Figure 10. The nominal length 
between the centres of the pivot points is 
11.38 in (289 mm). To adjust, remove the 
clevis pin at the lower interlock shift arm. 
Loosen the jam nut and turn the clevis until 
the correct setting is achieved. Use a new 
split pin and the clevis pin to install the rod 
on the shift arm. Tighten the jam nut. 


Check the length of the gearshift rod. The 
nominal length between the centre of the 
pivot points is 13.88 in (352 mm). To 
adjust, remove the clevis pin at the gear- 
shift arm. Loosen the jam nut and turn the 
clevis until the appropriate length is 
attained. Use a new split pin and the clevis 
pin to install the rod on the arm. Tighten 
the jam nut. 


D. GEARSHIFT COVER AND INTERLOCK MECHANISM — OVERHAUL 


REMOVAL AND DISASSEMBLY 


1. Swing battery box out to gain access to the 
gearshift cover and linkage. If necessary 
remove battery and box. 


2. Remove the square headed drain plug from 
the rear axle centre housing to drain the oil 


from both the rear axle centre housing and 
the transmission case. Be prepared to 
drain approximately 17 Imp. gallons (20 
U.S. gallons) (76 litres). 


3. Place the transmission in neutral and set 


the parking brake. 
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Figure 18 
Preparing for Gearshift Cover Removal — TW-5, TW-15 and TW-25 Tractors 


1. Dual Power Hydraulic Oil Line 
2. Lubricant Cooler Inlet Line 


4. For TW-5, TW-15 and TW-25 Tractors, 


disconnect and remove the Dual Power 
hydraulic oil pressure line, Figure 18. Also 
disconnect the lubricant cooler inlet line 
from the regulating valve. Loosen all 
clamps securing the lubricant cooler inlet 
line to the tractor and move the line out of 
the way. Cap or plug all lines and fittings. 


3. Low Pressure Hydraulic System Regulating Valve 
4. 4-Way Connector 
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5. For TW-35 Tractors, 


disconnect and 
remove the Dual Power hydraulic oil 
pressure line, Figure 19. Also, disconnect 
the lubricant cooler inlet line from the 
regulating valve. Loosen all clamps 
securing the lubricant cooler inlet line to 
the tractor and move the line out of the 
way. Cap or plug all lines and fittings. 
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Figure 19 
Preparing for Gearshift Cover Removal — TW-35 Tractor 

1. Lubricant Cooler Inlet Line 8. High/Low Control Rod 

2. Clamp 9. Lower Interlock Shift Arm 

3. “’T’’-Fitting 10. Interlock Control Rod 

4. Dual Power Hydraulic Oil Line 11. Gearshift Rod 

5. Gearshift Cover 12. Low Pressure Hydraulic System Regulating 

6. High/Low Detent Seat Valve 

7. High/Low Shift Arm 13. Gearshift Arm 

6. Extract the split pin and pull out the clevis 9. Remove the interlock shift finger bolt, 
pin to remove the interlock control rod Figure 20. Pull the interlock shaft out until 
from the lower interlock shift arm, the interlock shift finger comes off. Pull the 
Figure 19. shift finger out. Push the shaft back in and 

remove the key from the keyway to prevent 

7. Extract the split pin and pull out the clevis damage to the seal. Remove the interlock 
pin to remove the gearshift rod from the shaft and lower interlock shaft arm as a 
gearshift arm. unit. 


8. Withdraw the twelve shift cover-to-case 10. Loosen the bolt and remove the gearshift 


bolts and remove the cover. The trans- arm from the control shaft, Figure 21. 
mission must be in neutral to facilitate Remove the gearshift arm and the key from 
removal of the cover. the control shaft. 
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Figure 20 
Gearshift Cover and Interlock 


Cover 

. Lower Interlock Shift Arm 
. Interlock Control Shaft 

. Interlock Shift Finger 
Gearshift Interlock 
Control Shaft 

Shift Control Finger 

. Control Shaft Support 
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11. Remove the clevis pin from the control 
shaft support. Pull the control shaft out 
just enough to remove the shift control 
finger. 


NOTE: /f the shaft is pulled out from the 
outside of the cover the splines may damage 
the bushing and seal. 


12. Remove the shift control finger. Pull the 
control shaft out from the inside of the 
cover taking care not to lose the detent ball 
and spring. Remove the transmission gear- 
shift interlock. 


13. Withdraw the two support-to-cover bolts 
and remove the control shaft support. 
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CHAPTER Eyl EEE 


INSPECTION AND REPAIR 
With reference to Figure 21. 


1. Inspect the cover for distortion or cracks. 
Inspect the control shaft and interlock 
shaft bushings for excessive wear or 
damage. Inspect the seals, if leaks are 
present replace them. 


NOTE: A// transmissions are equipped with a 
flexible strip magnet inside the cover, clean the 
magnet. 


2. Inspect the control shaft and the interlock 
shaft for wear. Place the shift control 
finger on the spline of the control shaft and 
check for looseness. If loose, replace the 
shaft and finger. 


3. Check for excessive wear between the 
interlock shift finger and the interlock. 
Replace if necessary. 


4. Place the interlock and support on the 
control shaft and check for excessive 
looseness. Check interlock fingers for 
wear. Replace defective parts. 


5. Check the interlock detent spring and ball 
for wear or distortion. Check the detent in 
the interlock support for excessive wear. 
Replace any defective part. 


6. Check the pin which secures the control 
shaft to the interlock support for excessive 
wear. Replace if worn. 


7. Check for wear or elongation of pivot holes 
in the gearshift arm and the interlock shift 
arm. Replace if excessively worn. 


NOTE: Failure to replace defective parts may 
result in unsatisfactory operation and cause 
unnecessary damage to the transmission. 


eee) PART 5—TRANSMISSION SYSTARBAS yyy l= 


Figure 21 

Gearshift Cover — Exploded View 
1. Cover 7. Detent Spring and Ball 
2. Interlock Control Shaft 8. Shift Control Finger 
3. Lower Interlock Shift Arm 9. Pin 
4. Magnetic Strip 10. Support 
5. Interlock Shift Finger 11. Control Shaft 
6. Gearshift Interlock 12. Gearshift Arm 


ASSEMBLY AND INSTALLATION 


With reference to Figure 21. 


1. 


Install new seals and a bushing in the shift 
cover, if necessary, using suitable tools. 
Lightly lubricate the seals. 


Insert the control shaft into the first two 
webs of the gearshift interlock. (The two 


webs closest together). Place the ball and. 


spring on the gearshift interlock as shown. 
Place the control shaft support over the 
spring and ball and push the control shaft 
in to hold in place. 


Hold the above assembly in place on the 
gearshift cover and push the control shaft 
into the cover. Install the support-to-cover 
bolts and tighten to the correct torque, see 
Page 13, ‘Specifications’ — Chapter 4. 


Turn the control shaft so that the pin 
groove is facing upwards with a male 
spline at top centre. Pull the control shaft 
out far enough, from the outside of the 
cover, so that the shift control finger can 
be placed between the fingers on the 
gearshift interlock. 


5. Place the shift control finger into the inter- 


lock with the chamfered edge of the splines 
towards the gearshift cover. Whilst 
holding the shift control finger perpendi- 
cular to the fingers on the gearshift inter- 
lock, push the control shaft into the shift 
finger. 


._ Insert the clevis pin into the control shaft 
support, making sure it enters the groove 
on the control shaft. Check for proper 
travel of the shift control finger by moving 
it fully backwards and forwards. It should 
move forward of the fingers on the 
interlock the same amount as it moves 
rearward of the fingers. If it does not, 
remove the clevis pin and pull the control 
shaft from the shift finger and turn the 
shaft one spline in the appropriate 
direction and push the shaft back into the 
shift finger. Install the clevis pin and re- 
check the shift finger travel. If correct, 
secure the clevis pin with a new split pin. 


. Place the interlock control shaft in the 
cover. Install the woodruff key on the 
finger end of the shaft. Pull the interlock 
shaft out far enough so that the interlock 
shift finger can be positioned. Pilot the 
interlock shift finger into the recess in the 
interlock and slide the interlock shaft into 
the shift finger. Install and tighten the 
clamp bolt on the interlock shift finger to 
the correct torque, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 


. Install the woodruff key on the control 
shaft and place the gearshift arm on the 
control shaft. Tighten the clamp bolt to the 
correct torque, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 
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9. Install a new cover gasket on the gearshift 


10. 


11. 


12. 


13. 


14. 


cover assembly. Install the cover on the 
case, aligning the dowel pin with the 
mating hole. Install the twelve cover bolts 
and tighten in a diagonal pattern to the 
correct torque, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 


Place the gearshift rod on the gearshift arm 
and secure by installing the clevis pin anda 
new split pin, Figure 19. Place the interlock 
control rod on the lower interlock shift arm 
and install the clevis pin and anew split pin. 


For TW-5, TW-15 and TW-25 Tractors, 
connect the Dual Power pressure line to 
the ‘T’’-fittings, Figure 15. Connect the 
lubrication cooler inlet line to the 
regulating valve. Securely tighten the 
fittings. Tighten the clamps securing the 
lubricant cooler inlet line. 


For TW-35 Tractors, connect the Dual 
Power pressure line to the regulating valve 
and ‘‘T"’-fitting, Figure 19. Connect the 
lubricant cooler inlet line to the regulating 
valve. Securely tighten the fittings. 
Tighten the clamps securing the lubricant 
cooler inlet line. 


Install the clamp securing the lubricant 
cooler inlet line to the gearshift cover. 


Install the drain plug and ffill the 
transmission and rear axle centre housing 
with the correct grade and quantity of 
lubricant, see Page 12, ‘Specifications’ — 
Chapter 4. 
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E. TRANSMISSION REAR END — OVERHAUL 


Figure 22 
Rear of Transmission 


. Pump Retaining Screws 

P.T.O. Shaft 

. Secondary Countershaft Bearing Retainer 
Jack Screw Holes 

. Output Shaft Bearing Retainer 

Low Pressure Pump 

. Jack Screw Holes 
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REMOVAL AND DISASSEMBLY 


1. Remove the drain plug from the bottom of 
the rear axle centre housing and drain the 
oil from the transmission case. 


NOTE: The transmission oil reservoir is 
common with the rear axle centre housing. Be 
prepared to drain approximately 17 Imp. 
gallons (20 U.S. gallons) (76 litres). 


2. Separate the rear axle assembly from the 
transmission. (See ‘‘SEPARATING THE 
TRACTOR” — Part 12). 
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Figure 23 
P.T.O. Shaft Bearing 


Circlip 


. Low Pressure Pump Assembly 
. P.T.0. Shaft Bearing 

. P.T.O. Shaft 

. Circlip 


3. Remove the four bolts retaining the low 


pressure pump assembly to the secondary 
countershaft bearing retainer, Figure 22. 
Remove the low pressure pump assembly 
and P.T.O. shaft as an assembly by 
carefully pulling straight out. 


. Remove th and tap the long end of 
the P.T.C co remove the shaft and 
P.T.QO. ! as an assembly from the 
low pr’ ump, Figure 23. 


. If necessary, remove the two screws 


retaining the backing plate to disassemble 
the low pressure pump. Remove the inner 
and outer gears from the pump housing. 
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Figure 24 
Secondary Countershaft Bearing Retainer 
Removed 


1. Dowel Pins 

2. Shift Rail 

3. Output Shaft 

4. Secondary Countershaft 


6. Remove the eleven bolts retaining the 
secondary countershaft bearing retainer, 
Figure 22. Insert two bolts in the jack screw 
holes and tighten evenly and alternately to 
avoid binding of the retainer. 


NOTE: Whenever a tractor is separated 
between the transmission and rear axle centre 
housing for any repairs, check to ensure alf 
eleven bolts have been installed. 


7. Remove the six retaining bolts from the 
output shaft bearing retainer. Gently and 
evenly prise the retainer out to avoid 


binding and possible damage to the shims 
located behind the retainer. Remove the 
retainer shims. 
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Figure 25 
Sliding Coupling and Brake Pawl 


. Parking Brake Pawl 

. Shift Fork Bolt and Nut 

. High/Low Shift Rail 

. High/Low Shift Fork 

. Parking Brake Teeth 

. Internal Splines 

. Dog Teeth 

. High/Low Sliding Coupling 


8. Pull the output shaft assembly straight out 


to remove, Figure 24. Withdraw the 
secondary countershaft from the case. 
Remove the circlip and the thin needle 
thrust bearing from the front of the 
countershaft. 


. Remove the high/low gearshift sliding 


coupling from the shift fork fingers, Figure 
25. Loosen the high/low shift fork lock nut 
and screw. Remove the high/low detent 
seat then remove the spring and ball, 
Figure 19. Use a magnet, if necessary, to 
remove the ball. 


IMPORTANT: The high/low detent assembly 


must be removed from the case to avoid 
damage to the detent spring when the 
high/low shift rail is installed. 
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Figure 26 
High/Low Shift Fork 
. Parking Brake Pawl 
. High/Low Shift Rail 
. High/Low Shift Fork 
. Main Countershaft 
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10. Remove the high/low shift rail from the 
case and remove the shift fork from the 
parking brake pawl, Figure 26. 


Figure 27 
Removing P.T.O. Shaft Bearing 
ool No. 1002 or 9198 
.T.0. Shaft 
.T.0. Shaft Bearing 


1. T 
2. P 
3. P 
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Figure 28 
Installing P.T.O. Shaft Bearing 


1. Tool No. 630-6 or 9210 
2. P.T.O. Shaft Bearing 
3. Tool No. 951 or 9190 
4. Sleeve 


INSPECTION AND REPAIR 


1. Inspect the P.T.O. shaft for excessive wear 
or damage. Note wear or damage to the 
splines at the shaft ends. Inspect the area 
of the P.T.O. shaft where the seal rides. 
The seal is located at the front of the 
mainshaft. 


2. Inspect the P.T.O. bearing for wear or 
damage. If necessary, remove the circlip 
securing the bearing on the shaft, Figure 
23. Use Puller, Tool No. 1002 or 9198, to 
remove the bearing as shown in Figure 27. 


Use a sleeve of convenient length and ap- 
propriate diameter, Pulling Attachment, 
Tool No. 951 or 9190 and a suitable Step 
Plate Adaptor, Tool No. 630S or 9210, to 
install a new bearing as shown in Figure 28. 


Install both lock rings to secure the 
bearing. 


Figure 29 
Installing Output Shaft Bearing Cup 


1. Tool No. 630-17 or 9211 
2. Shims 
3. Output Shaft Bearing Retainer 


3. Inspect the secondary countershaft bear- 


ing retainer for distortion or damage and 
replace, if necessary. Examine the bearing 
for excessive wear or damage. Replace if 
necessary. 


. Examine the output shaft bearing retainer 
and shims for damage or distortion. Install 
a new retainer or shims, if necessary. 
Inspect the output shaft bearing cup for 
excessive wear or damage. If necessary, 
use a Suitable Step Plate Adaptor, Tool No. 
630T or 9211, to install anew cup as shown 
in Figure 29. 


. Examine the secondary countershaft for 
excessive wear or damage, Figure 30. 
Inspect the thrust bearing for excessive 
wear or damage. If necessary, install anew 
thrust bearing and secure with the circlip. 
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Figure 30 
Secondary Countershaft Thrust Bearing 


1. Secondary Countershaft 
2. Thrust Bearing 
3. Circlip 


6. Inspect the output shaft assembly for 


damage or excessive wear. Check the 
needie bearing in the gear for wear. If 
necessary, use Puller, Tool No. 1002 or 
9198, Pulling Attachment, Tool No. 951 or 
9190 and a suitable Step Plate Adaptor, 
Tool No. 625A or 9212, to remove the pilot 
bearing from the shaft as shown in Figure 
31. Use a sleeve of convenient length and 
appropriate diameter and a suitable Shaft 
Protector, Tool No. 625A or 9212, to install 
a new bearing as shown in Figure 32. 


. If necessary, use Puller, Tool No. 1003 or 


9516, and a suitable Shaft Protector, Tool 
No. 625A or 9212, to remove the rear 
bearing, thrust washer and gear from the 
shaft as shown in Figure 33. Use the shaft 
protector and a sleeve of convenient 
length and appropriate diameter to installa 
new rear bearing, thrust washer or gear, as 
required and as shown in Figure 34. Ensure 
the thrust washer is located between the 
gear and the bearing. 
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Figure 31 Figure 32 


Removing Output Shaft Pilot Bearing Installing Output Shaft Pilot Bearing 
1. Tool No. 1002 or 9198 1. Tool No. 625-4 or 9212 
2. Tool No. 625-3 or 9212 2. Sleeve 
3. Output Shaft 3. Pilot Bearing 
4. Pilot Bearing , 
5. Tool No. 951 or 9190 

8. If a new shaft is needed but the bearings, 12. Inspect the detent ball and spring. If worn 
gear, and the thrust washer are not excessively, replace to maintain proper 
damaged, install them on the new shaft. detent function. The length of the spring is 
Use the reverse procedures for installation approximately 1.09 in (27.8 mm). 
previously outlined in Steps 6 and 7. 

9. Inspect the high/low sliding coupling for 13. Inspect the components of the low 
excessive wear or damage to the dog pressure pump assembly. If worn, replace 
teeth, internal splines and parking brake as an assembly. 
teeth, Figure 25. Replace if necessary. 

10. Inspect the high/low shift fork for RE-ASSEMBLY AND INSTALLATION 
distortion, cracks or excessive wear. If 
necessary, replace the fork. 1. Place the high/low shift rail partially in the 
case, detent end in first, Figure 25. Place 
the high/low gearshift fork on the parking 
brake lug as shown. Slide the rail through 
the fork, aligning the blind hole in the rail 
11. Examine the high/low shift rail for with the shift fork lock screw. Tighten the 


distortion and wear. Inspect the detent for 
excessive wear. Replace, if necessary. 
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lock screw and nut to the correct torque, 
see Page 13, ‘Specifications’ — Chapter 4. 
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Figure 33 

Removing Output Shaft Components 
. Tool No. 1003 or 9516 
. Tool No. 625-1 or 9212 
. Thrust Washer 
. Pilot Bearing 
. Gear 
. Rear Bearing 
. Output Shaft 
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2. Install the high/low detent ball and spring. 
Install the detent seat to secure the ball and 
spring, Figure 19. 


3. Place the high/low gearshift sliding 
coupling in the fingers of the shift fork with 
the parking brake teeth to the rear, Figure 
25. Move the coupling to mesh with the 
dog teeth on the countershaft. If the fork is 
held back by the parking brake pawl, move 
the pawl to free the fork. 


4. Place the secondary countershaft in the 
case with the thrust bearing to the front 
and seat the bearing against the mainshaft, 
Figure 24. 


5. Place the output shaft in the case, putting 
the smaller cone and roller bearing in first 
so that the splines on the shaft enter the 
sliding coupling splines, Figure 25. 
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Figure 34 
Installing Output Shaft Components 


. Tool No. 625-1 or 9212 
. Output Shaft 

. Rear Bearing 

Sleeve 

. Thrust Washer 

Gear 

. Pilot Bearing 


6. lf the low pressure pump was 
disassembled, install the inner and outer 
gears in the pump housing and secure with 
the backing plate and two screws. Ensure 
the holes in the backing plate align with the 
holes in the pump housing. 


7. Install the pump assembly on the P.T.O. 
shaft and bearing assembly. Secure with 
the circlip when the ring groove in the 
pump housing Is visible. 


8. Install anew O-ring seal on the pump outlet 
on the front of the secondary countershaft 
bearing retainer. | 


9. Install the secondary countershaft bearing 
retainer on the rear of the transmission 
case and secure with the eleven retaining 
bolts, Figure 10. Tighten the bolts evenly in 
a diagonal pattern to the correct torque, 
see Page 13, ‘Specifications’ — Chapter 4. 
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10. Check the secondary countershaft end- 
play, see Page 11, ‘Specifications’ — 
Chapter 4. If the end-play is not within 
specification, disassemble and find the 
cause. 


11. Install the output shaft bearing retainer and 
shims, previously removed, over the 
output shaft and align mating holes. 


NOTE: /f output shaft bearings, cups or thrust 
bearings were replaced during overhaul, the 
shim thickness on the bearing retainer may not 
be adequate thus causing damage to the 
bearings or retainer when the retainer bolts are 
torqued. Therefore, under this condition, 
rotate the output shaft when tightening the 
retainer bolts. If the output shaft binds remove 
the retainer and add shims to avoid un- 
necessary damage. 


12. Install the six retaining bolts and tighten to 
the correct torque, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 


13. Coat the splines on the end of the P.T.O. 
shaft which engage with the engine 
flywheel with a heavy grease. This will help 
prevent damage to the seal located in the 
mainshaft at the front of the transmission. 


14. Install the P.T.O. shaft and low pressure 
pump assembly into the transmission 
making sure the P.T.O. shaft splines 
engage the engine flywheel. Align the bolt 
holes in the pump housing with the mating 
holes in the secondary countershaft bear- 
ing retainer. Install the four bolts and 
tighten to the correct torque, see Page 13, 
‘Specifications’ — Chapter 4. 


15. Observe the following procedure to 
determine the output shaft pre-load. 


OUTPUT SHAFT PRE-LOAD 


Pre-load on the output shaft is governed by 
means of shims located between the mating 
surfaces of the output shaft bearing retainer 
and the countershaft bearing retainer, Figure 
22. Determine the shims required to give a pre- 
load of O— 12 Ibf (O—53 N) (O—5.5 kg). 


1. Place the sliding coupling in neutral by 
moving the high/low shift lever until play is 
felt. 


2. Turn the output shaft several times to seat 
the bearings. 


3. Tieand wrap apiece of heavy string around 
the output shaft 


4. Attach the string to a spring scale which 
must register from zero to beyond 12 Ibf 
(O—53 N) (O—5.5 kg). 


5. Pull outwards on the spring scale until the 
shaft turns at a steady rate. Note the 
reading when the shaft turns steadily. If 
the reading is within the specified value of 
O—12 Ibf (O—53 N) (O—5.5 kg), the pre- 
load is correct. 


NOTE: No end-play is permissible on the 
output shaft. After a correct pre-load value is 
attained, check the end-play with a dial 
indicator. 


6. If the pre-load reading is more than the 
specified value, remove the_ retainer 
attaching bolts. Gently and evenly prise 
the retainer off, then place the thinnest 
shim available on the retainer over the 
original shims. Install the retainer and 
follow Steps 1 through 5. If this reading is 
not within the set values, use thicker shims 
and repeat Steps 1 through 5 until the 
proper reading is obtained. There should 
be no end-play. 


7. Connect the rear axle assembly to the 
transmission. (See “SEPARATING THE 
TRACTOR” — Part 12). 


8. Install the drain plug and fill the trans- 
mission and rear axle centre housing with 
the correct grade and quantity of lubricant, 
see Page 12, ‘Specifications’ — Chapter 4. 
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F. TRANSMISSION FRONT END — OVERHAUL 


IMPORTANT: B8efore disassembling a 
transmission to investigate noise comp/aints, 
always check the output shaft pre-load as 
detailed on Page 28. If the pre-load is not to 
specification, reset as detailed and check the 
transmission sump for metal particles or 
evidence of other damage. If no apparent 
cause for transmission noise, other than an 
improper pre-load condition, can be found, re- 
assemble the tractor. 


REMOVAL AND DISASSEMBLY 


1. Remove the drain plug from the bottom of 
the rear axle centre housing and drain the 
oil from the transmission case. Be 
prepared to drain approximately 17 Imp. 
gallons (20 U.S. gallons) (76 litres). 


2. Separate the engine from the _trans- 
mission. (See “SEPARATING THE 
TRACTOR” — Part 12). 


3. For Dual Power Transmissions: Remove 
the planetary gear set as detailed on Page 
6, Chapter 2 and omit Steps 4 through 9 as 
follows. 


4. Remove the split pins and clevis pins from 
the clutch release fork and pull the cross 
shaft from the case to remove the fork, 
Figure 35. 


5. Remove the fork and the clutch release 
bearing. 


6. Pull the transmission input shaft from the 
release hub support. 


7. Remove the lubrication inlet tube from the 
lubrication supply manifold. 


8. 


10. 
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Withdraw the two bolts securing the 
manifold tube assembly to the trans- 
mission and remove the assembly by 
pulling straight out. Remove the O-ring 
seals from the tube. 


. Remove the remaining three hexagon 


headed bolts securing the release hub 
support and pull the support from the front 
of the transmission. 


Withdraw the four bolts from the main 
countershaft bearing retainer. Prise the 
retainer from the case evenly and gently to 
avoid binding. The main countershaft will 
sag slightly when the retainer is with- 
drawn. Remove the gasket from the 
retainer. 


Figure 35 
Transmission Front End 


. Clutch Release Cross Shaft 
. Release Fork 
. Release Hub and Bearing Assembly 


P.T.O. Shaft 
Main Countershaft Bearing Retainer 


. Lubricaton Supply Tube 


Input Shaft 


. Manifold Inlet 

. Lubrication Inlet Tube 
. Release Hub Support 
. Clevis Pins 


ees PART S—TRANSMISSION YSIS 


Figure 36 


Removing Mainshaft Bearing from Release 


Hub Support 


1. Tool No. 943 or 9507 
2. Mainshaft Bearing 
3. Release Hub Support 


INSPECTION AND REPAIR 


le 


For Dual Power Transmissions: Inspect the 
planetary gear set components as detailed 
on Page 12, Chapter 2 and omit Steps 2 
through 5 as follows. 


Inspect the transmission input shaft for 
damage or excessive wear. Note any 
damaged splines. Install a new shaft, if 
necessary. 


Examine the clutch release hub and 
bearing, release fork, cross-shaft and arm 
and shaft bushings for damage or 
excessive wear, as detailed in Chapter 2, 
“CLUTCHES” — Part 4. 


Inspect the release hub support for cracks 
or excessive wear, Figure 36. Examine the 
mainshaft bearing and seal for excessive 
wear or damage. 


Figure 37 
Installing Mainshaft Bearing in Release 
Hub Support 


1. Tool No. 630-17 or 9210 
2. Release Hub Support 


5. If the mainshaft bearing shows excessive 


wear or damage, use Slide Hammer, Tool 
No. 943S or 9567 and Puller, Tool No. 943 
or 9507, to remove the bearing from the 
hub support as shown in Figure 36. Use a 
suitable Step Plate, Tool No. 630S or 9210, 
to install a new seal and bearing as shown 
in Figure 37. 


6. Inspect the main countershaft bearing re- 


tainer for distortion or damage. Examine 
the bearing for damage or excessive wear. 
If necessary, remove the bearing using a 
suitable puller. Use a suitable Step Plate, 
Tool No. 630S or 9210, to install a new 
bearing. 


7. Inspect the lubrication inlet tube and 
supply manifold assembly for damage or 
distortion. Replace any damaged part. 
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ASSEMBLY AND INSTALLATION 


1. Place a new gasket on the main counter- 


shaft bearing retainer. Move the counter- 
shaft up by prising upwards the 2nd speed 
gear visible through the hub support 
opening, Figure 38. Install the bearing 
retainer and the four hexagon headed 
bolts. Tighten the bolts to the correct 
torque, see Page 13, ‘Specifications’ — 
Chapter 4. 


- For Dual Power Transmission: Install the 
planetary gear set as detailed on Page 17, 
Chapter 2 and omit Steps 3 through 10 as 
follows. 


. Install a new gasket on the release hub 
support and place the support over the 
mainshaft with the flat spot downwards. 
Press in on the support and install the five 
hexagon headed bolts. Tighten the bolts 
diagonally to the correct torque, see Page 
13, ‘Specifications’ — Chapter 4. 


. Remove the two. bolts where the 
lubrication supply manifold assembly will 
attach to the release hub support and 
transmission case. 


. Install a new O-ring seal on each branch of 
the lubrication supply manifold and 


Place the clutch release hub and bearing 
assembly on the hub support with the 
bearing to the front of the transmission. 
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Figure 38 

Prise Upwards on Second Speed Gear to Install 
Main Countershaft Bearing Retainer 

1. Mainshaft 

2. Second Speed Gear 


Place the cross shaft halfway into the case. 
Install the release fork on the shaft with the 
fingers and clevis pin openings down to 
engage the hub. Slide the shaft in fully. 


lubricate each O-ring seal. Install one 9. Position the cross shaft arm at approxi- 
branch in the release hub support and the mately 12 o’clock and align the mating 
other branch in the main countershaft holes for the clevis pins. Insert the clevis 
bearing retainer. Apply pressure evenly to pins and new split pins to secure the fork to 
seat each branch. Install the two retaining the shaft. Check to see that the release hub 
bolts and tighten to the correct torque, see moves freely when the cross shaft arm ts 
Page 13, ‘Specifications’ — Chapter 4. moved upwards. / 

. Secure the access cover to the trans- 10. Install the input shaft into the release hub 
mission case by sliding the bolts upwards support. Ensure the splines on the shaft 
and then securely tightening each bolt. mesh with the internal splines of the 

mainshaft. 

. Apply sealer to the end of the lubrication 
supply tube and install into the lubrication 11. Reconnect the transmission to the engine. 
supply manifold. (See “SEPARATING THE TRACTOR” — 

Part 12). 

. Lubricate the cross shaft bushings in the 

transmission case with a suitable grease. 12. Install the drain plug and fill the trans- 


mission and rear axle centre housing with 
the correct grade and quantity of lubricant, 
see Page 12, ‘Specifications’ — Chapter 4. 
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G. EIGHT-SPEED TRANSMISSION — COMPLETE OVERHAUL 


IMPORTANT: Before disassembling a trans- 
mission to investigate noise complaints, 
always check the output shaft pre-load as 
detailed on Page 28. If the pre-load is not to 
specification, reset as detailed and check the 
transmission sump for metal particles or 
evidence of other damage. If no apparent 
cause for transmission noise, other than an 
improper pre-load condition, can be found, re- 
assemble the tractor. 


NOTE: 7he transmission gear shift sliding 
connector and coupling assemblies are 
furnished as matched sets. The outer coupling 
and inner connector are etched with ‘timing’ 
marks to ensure they are mated correctly when 
assembled into the transmission. Also, one 
end of the connector bore is chamfered to 
facilitate installation onto the countershaft. 


When conducting transmission repairs which 
necessitate removal of the countershaft 
ensure the forward connector and coupling 
assembly and the rear connector and coupling 
assembly each remain assembled as matched 
sets. Ensure the timing marks on the outer 
couplings and the inner connectors are 
aligned. 


If new connectors and couplings are installed, 
check the timing marks are aligned. During 
transmission re-assembly, position the 
connector and coupling assemblies with the 
chamfered end of the connector bores facing 
rearwards for ease of countershaft installation. 


REMOVAL AND DISASSEMBLY 


1. Remove the drain plug from the bottom of 
the rear axle centre housing and drain the 
oil from the transmission case. Be 
prepared to drain approximately 17 Imp. 
gallons (20 U.S. gallons) (76 litres). 


2. Remove the transmission (See 
“SEPARATING THE TRACTOR” — Part 
12). 


3. Remove the transmission parking brake 
actuator and other assemblies as detailed 
on Page 4, “PARKING BRAKE, 
ACTUATOR, ROD AND _ LINKAGE 
ADJUSTMENT”. 
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Figure 39 
Idler Gear Removal and Installation 


. Locking Bolt 

. Mainshaft 

. Locking Tab 

. Idler Gear 

. Sliding Coupling 
. Thrust Washers 


. Remove the gearshift cover and other 


assemblies as detailed on Page 16, ‘‘“GEAR- 
SHIFT COVER AND INTERLOCK 
MECHANISM — OVERHAUL”. 


. Remove the secondary countershaft bear- 


ing retainer and other assemblies as 
detailed on Page 22, ‘*‘TRANSMISSION 
REAR END — OVERHAUL”. 


. Remove the assemblies detailed on Page 


29, ““TRANSMISSION FRONT END — 
OVERHAUL”. 


. Bend down the locking tab then remove 


the idler shaft bolt and the tab, Figure 39. 
Hold the idler gear and push the shaft to 
the rear of the transmission to remove the 
shaft. Remove the idler gear by rolling it 
out of the case on the mating teeth of the 
mainshaft. Remove the thrust washers on 
each side of the idler gear. 


Figure 40 
Spacer Ring Location 


1. Case Web 

2. Spacer Ring 

3. Sliding Coupling 
4. Mainshaft 


10. 


11. 


12. 


. Remove the spacer 


ring from the 
secondary countershaft, Figure 40. Itis not 
necessary to remove the ring to dis- 
assemble the transmission. 


Pull the mainshaft forward and remove 
from the case, Figure 39. 


Remove the oil seal and O-ring seal from 
within the mainshaft. Remove the sliding 
gear coupling from the case. 


Remove the retaining ring and the thrust 
washer from the front end of the main 
countershaft, Figure 41. 


Remove the three circlips from the shift 
fork rail one on each side of the parking 
brake pawl and one on the rail inside the 
front of the transmission, Figure 42. The 
circlips cannot be removed as such, but 
must be slid along the shift rail when it is 
removed. 


1. 
2. 


Figure 41 
Countershaft Retaining Ring 


Retaining Ring 
Thrust Washer 


3. Countershaft 


NOTE: 7he circlip on the front end of the shift 
rail is used to prevent overshifting of the front 
shift fork. 


13. 


14. 


Install a bolt and jam nut on the rear end of 
the shift rail. Use a wrench to turn the shift 
rail so that the detent passage on the shift 
rail aligns with the detent passages on the 
shift forks, Figure 42. Thus, the detent 
balls and springs can be removed as the 
shift rail is removed. When removing the 
shift rail, use a magnet to remove the 
spring and balls from the shift forks. 


Remove the shift rail from the rear of the 
transmission case. Remove the detent 
spring and balls, per Step 13, as the rail is 
removed. 
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Figure 42 
Shift Rail and Related Components 
5. Parking Brake Pawl 


1. Shift Rail Detent Passage 

2. Circlips 

3. Shift Fork Detent Access Passage 
4. 4th—8th Shift Fork 


Figure 43 


Main Countershaft and Associated Components — 
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Exploded View 


. Main Countershaft 


Thrust Washers 
43-Tooth Gear 


. Sliding Couplings and Connectors 


55-Tooth Gear 
Dog Teeth 


. Thrust Washer 
. Circlip 

. 47-Tooth Gear 
. 51-Tooth Gear 
. Forward Key 

. Rear Key 


6. Shift Rail 
7. 3rd—7th Reverse Shift Fork 
8. 1st—5th, 2nd—6th Shift Fork 


15. 


16. 


17. 


Remove the 1st—5th, 2nd—6th gear shift 
fork, the 3rd—7th reverse gear shift fork 
and the parking brake pawl from the case, 
Figure 42. Keep the shift forks in order to 
simplify re-assembly. 


Re-install the front main countershaft 
bearing retainer loosely to support the 
front end of the main countershaft. Install 
substitute bolts at least 0.5 in (12.7 mm) 
longer than the bolts removed or use studs 
to allow the main countershaft to move 
forward as far as possible so that the 
countershaft keys can be reached. 


Move the 47-tooth gear as far forward as 
possible on the countershaft, Figure 43. 
Move the front sliding gear coupling 
forward to engage the dog teeth of the 
47-tooth gear. Use a long screwdriver to 
gently and evenly move the connector 
forward to gain access to the forward key 
on the main countershaft. Separate the 
gears until the 55-tooth gear is fully rear- 
ward and the 43-tooth gear remains in 
contact with the rear bulkhead. Use a 
magnet to remove the forward key. 
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18. 


19. 


20. 


21. 


Move the remaining gears forward on the 
main countershaft. Move the rear sliding 
gear coupler forward to engage the dog- 
teeth of the 51-tooth gear, Figure 43. Use a 
long screwdriver to gently and evenly 
move the connector forward taking care 
not to damage the thrust washers on each 
side of the connector. Separate the gears 
until the 43-tooth gear contacts the rear 
bulkhead. Use a magnet to remove the rear 
key. 


Move the main countershaft to the rear of 
the transmission through the gears and 
remove from the case. Remove the main 
countershaft components from the 
transmission case, starting from the front, 
and place them in sequence. Refer to 
Figure 43. (There are thrust washers on 
each side of the 51-tooth gear and one 
between the sliding coupler and the 
43-tooth gear. Do not forget to put these in 
sequence). 


Remove the 4th—8th gear shift fork from 
the case, Figure 42. Put in order with the 
other shift forks to simplify re-assembly. 


Remove the clamp bolt on the high/low 
lever, and remove the lever from the 
control shaft, Figure 44. 


Remove the control arm shaft from the 
case. Remove the O-ring seal. 


Figure 44 
Shift Arm Identification 


1. Gearshift Arm 

2. High/Low Control Shaft 
3. High/Low Control Arm 
4. Lower Interlock Arm 


INSPECTION AND REPAIR 


1. Inspect the reverse idler gear and the idler 
gear shaft for excessive wear or damage 
and install new parts, if necessary, Figure 
39. 


2. Inspect the two thrust washers on each 
side of the reverse idler gear and the two 
needle bearings inside the idler gear for 
abnormal wear or damage. If damage or 
abnormal wear is present on any part, 
install new parts on re-assembly. 


3. Inspect the spacer ring for wear or 
damage, Figure 40. 


4. Inspect the mainshaft carefully for 
excessive wear or damage, Figue 39. If the 
bushing in the bore is badly worn, install a 
new shaft. 
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Figure 45 
Removing Main Countershaft Bearing from Shaft 


. Tool No. 625-2 or 9212 
. Tool No. 951 or 9190 

. Bearing 

. Main Countershaft 

. Tool No. 1003 or 9516 


Figure 46 
Installing Main Countershaft Bearing on Shaft 


. Tool No. 1003 or 9516 

. Bearing 

. Main Countershaft 

. Tool No. 951 or 9190 

. Sleeve 

. Tool No. 630-11 or 9210 
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5. Inspect the sliding gear coupling for 9. Inspect the 43-tooth gear, the connector 


abnormal wear or damage and note the 
condition of the internal splines. 


. Inspect the main countershaft for ex- 


cessive wear or damage, Figure 45. 


. If necessary, use Puller, Tool No. 1003 or 


9516, Pulling Attachment, Tool No. 951 or 
9190 and a suitable Shaft Protector, Tool 
No. 625A or 9212, to remove the counter- 
shaft bearing as shown in Figure 45. Use 
Puller, Tool No. 1003 or 9516, Pulling 
Attachment, Tool No. 951 or 9190, a 
suitable Step Plate Adaptor, Tool No. 
630S or 9210, and a sleeve 2.18 in (56 mm) 
internal diameter and 2.62 in (66mm) out- 
side diameter, to install the bearing as 
shown in Figure 46. 


. Inspect the cup in the end of the main 


countershaft for excessive wear or 
damage. Remove the cup, if necessary, 
and install a new cup using a suitable step 
plate. 


10. 


11. 


and coupling, the three thrust washers, the 
51-tooth gear, the 55-tooth gear, the 
connector and coupling and the 47-tooth 
gear for excessive wear or damage, Figure 
43. Inspect the thrust washer and the 
retaining ring for excessive wear or 
distortion and install new parts on the 
countershaft as required. 


Inspect the countershaft keys for burrs or 
other damage. If necessary, install new 
keys on re-assembly. 


Inspect the three shift forks for excessive 
wear or distortion and install new forks, if 
necessary, Figure 42. Inspect the bushings 
in the rail bores of the 1st—2nd shift fork 
and the 3rd—reverse shift fork for wear. 
Replace the shift fork if a bushing is worn. 


Figure 47 
Installing Secondary Countershaft Bearing 
in Case 
1. Transmission Case— Rear 
2. Tool No. 9570 
3. Main Countershaft Bearing Cup 


12. Inspect the rail for excessive wear or 


damage and install a new rail if needed. 


13. Inspect the parking brake pawl and the 
three circlips for distortion, excessive wear 


or damage. 


14. Inspect the shift fork detent springs and 
balls for wear. Compare the spring height 
with new springs. Replace, if necessary, 


for satisfactory detent function. 


15. Inspect the control arm shaft and lever 
assembly for excessive wear or distortion 
and examine the lever for cracks, Figure 


44. 


16. Thoroughly clean the inside of the case 
cracks or 
distortion. If the case is beyond repair, 
install the transmission components in a 


then inspect for damage, 


new case. 
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Figure 48 
Installing Main Countershaft Bearing Cup 
in Case 
1. Mainshaft Bearing 
2. Transmission Case— Rear 
3. Tool No. 9570 
4. Secondary Countershaft Bearing 


17. Inspect the mainshaft and secondary 
in the case for 
excessive wear or damage. Replace if 


countershaft bearings 


necessary. 


18. If necessary, use Bearing Plate, Tool No. 
9570 to replace the secondary counter- 
shaft bearing in the case, as shown in 
Figure 47. If necessary, use Bearing Plate, 
Tool No. 976-4, to remove and replace the 


mainshaft bearing. 


19. Inspect the main countershaft bearing cup 


for excessive wear or damage. 


necessary, use Pulling Plate, Tool No. 
970-2FC, to remove the cup. Use Bearing 
Plate, Tool No. 9570, to install a new cup, 


as shown in Figure 48. 


20. Inspect the high/low control 


manner. 


shaft 
bushing, located in the transmission case, 
for excessive wear. If necessary, use Step 
Plate, Tool No. 630S or 9210, to drive the 
bushing out through the case. Install a new 
bushing from outside the case, chamfered 
internal diameter end first in a similar 


ASSEMBLY AND INSTALLATION 


1. Install anew O-ring seal on the control arm 


shaft and lever assembly, Figure 44. Place 
the control arm shaft and lever assembly 
through the case with the control lever on 
the shaft. Install the retaining bolt and 
tighten to the correct torque, see Page 13, 
‘Specifications’ — Chapter 4. 


. Place the three gearshift forks in the case. 
Ensure they are in the correct order and 
positioned properly when the gears are 
installed. Refer to Figure 42. 


. Position the countershaft on a flat surface 
with the shaft vertical. Install the 
components on the shaft as outlined in 
Step 4 to determine the size of the thrust 
washer required on the end of the shaft. 


NOTE: Ensure the tapered bearing is installed 
on the countershaft before Step 4. 


4. Refer to Figure 43 and _ install the 
components as follows: 


e 43-Tooth Gear (Dog Teeth Up). 
e Thrust Washer. 

e Connector and Coupling. 

e Thrust Washer. 


e 51-Tooth Gear (Reverse) (Dog Teeth 
Down). 


e Thrust Washer. 
e 55-Tooth Gear (Dog Teeth Up). 
e Connector and Coupling. 


e 47-Tooth Gear (Dog Teeth Down). 
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5. Install the thrust washer on the shaft and 


secure the components with the circlip. 
Use a feeler gauge to measure the clear- 
ance between the thrust washer and the 
retaining ring. If the clearance is not within 
0.0073—0.0193 in (0.185—0.490 mm), 
remove the retaining ring and first thrust 
washer. Install a thrust washer of the 
available thickness which will give the 
specified clearance, see Page 11, ‘Specifi- 
cations’ — Chapter 4. Secure with the 
circlip and recheck the clearance. 


. Remove the components from the shaft, 


keeping them in order. 


. Install the countershaft from the rear of the 


case and place the gears and other 
components on the shaft as it moves for- 
ward in the same order as in Step 4. Ensure 
the two countershaft shift forks engage 
the sliding couplings correctly. The third 
shift fork should be positioned above the 
coutershaft to receive the sliding gear 
coupling on the secondary countershaft. 


. Position the 43-tooth gear as far rearward 


as possible and the remaining gears and 
couplers as far forward as possible, Figure 
43. The rear key-way in the main counter- 
shaft should now be exposed. If not, 
reposition the shaft and gears until the rear 
key-way is exposed and install the rear key. 
Slide the coupler over the key. 


. Move the 51-tooth gear and the 55-tooth 


gear as far rearward as possible. Ensure the 
43-tooth gear abuts the rear of the trans- 
mission case. Position the 47-tooth gear 
and coupler as far forward as possible to 
expose the front key-way in the main 
countershaft. If not, reposition the gears 
and shaft until the front key-way is 
exposed and install the forward key. Slide 
the coupler over the key. 
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10. 


11. 


12. 


13. 


Install the thrust washer on the front of the 
main countershaft and secure the 
components on the shaft with the retaining 
ring, Figure 41. 


Insert the front end of the shift fork rail part 
way into the passage in the rear end of the 
case. The two retaining ring grooves are on 
the back end of the rail. 


Before the rail reaches the first web in the 
case, install one circlip, the parking brake 
pawl and another circlip on the rail. 


Push the rail through the web and advance 
the circlips and parking brake pawl along 
the rail. Install the three shift forks and their 
detent-springs and balls on the rail as 
follows: 


Advance the rail into the fork and 
align the detent access hole in the rail 
with the detent access hole in the 
shift fork, Figure 42. 


(i) 


(ii) Install the spring then the ball into the 


detent pocket of the fork. 


(iii) With a 4, in (4 mm) diameter punch 
positioned against the detent ball, 
compress the detent-spring whilst 
advancing the rail past the detent 
pocket. Be careful not to damage the 


edge of the hole. 


(iv) After all the forks have been installed, 
rotate the shift rail 90° so the tapped 
hole in the back end is at the 3 o'clock 


position. 


(v) Position the forks so the shift gates 


align in the neutral position. 
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14. 


15. 


17. 


18. 


19. 


20. 


The two circlips should be placed in the 
grooves with the pawl between them. 
Install the third circlip in the groove at the 
end of the rail inside the front of the case. 


Position the sliding gear coupling in the 
fingers of the shift fork with the gear teeth 
to the rear of the transmission, Figure 39. 


. Use a suitable Step Plate, Tool No. 630S or 


9210, to install a new P.T.O. shaft oil seal 
inside the mainshaft. Drive the seal in far 
enough to seat against the shoulder. Install 
an O-ring seal inside the mainshaft. 


Place the mainshaft in the case and 
position the end with the splines through 
the web and into the sliding gear coupling, 
Figure 40. 


Insert the reverse idler shaft through one 
shaft passage of a web. Position the shaft 
so the locking bolt hole will align with the 
bolt hole in the next web. 


Apply a heavy lubricant to each of the two 
reverse idler gear thrust washers, Figure 
39. Position a thrust washer next to the 
shaft passage on the inner side of each 
web. 


Place the reverse idler gear, step in the hub 
towards the front, in position to receive the 
shaft. Push the shaft through the gear and 
into the next web. 
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21. Install the locking tab and the bolt to secure 
the shaft. Tighten the bolt to the correct 
torque, see Page 13, ‘Specifications’ — 
Chapter 4. Bend the locking tab up to 
secure the bolt. 


22. Install the assemblies as detailed on Page 
31, “TRANSMISSION FRONT END — 
OVERHAUL”. 


23. Install the secondary countershaft bearing 
retainer and other assemblies as detailed 
on Page 26, “TRANSMISSION REAR 
END — OVERHAUL”. 


24. Install the spacer ring on the secondary 
countershaft in the groove next to the 
sliding coupling, Figure 40. 


25. Install the gearshift cover and other 
assemblies as detailed on Page 20, ‘‘GEAR- 
SHIFT COVER AND — INTERLOCK 
MECHANISM”. 


26. Install the transmission parking brake, 
actuator and other assemblies as detailed 
on Page 17, “‘PARKING -. BRAKE 
ACTUATOR, ROD AND LINKAGE AD- 
JUSTMENT”. 


27. Install the transmission. (See ‘‘SEPARAT- 
ING THE TRACTOR” — Part 12). 


28. Install the drain plug and ffill the 
transmission and rear axle centre housing 
with the correct grade and quantity of 
lubricant, see Page 12, ‘Specifications’ — 
Chapter 4. 


H. SEVEN-SPEED TRANSMISSION — COMPLETE OVERHAUL 


In certain locations, governmental regulations 
impose a maximum speed limit on tractors 
which is less than the maximum speed 
attainable by Ford TW Tractors in 8th gear. For 
these locations a_ special transmission 
high/low shift shaft and lever assembly 
(incorporating an extended hub section) and a 


revised 4th gear shift fork are incorporated to 
physically prevent selection of 8th gear. 


The Seven-Speed Transmission is otherwise 
identical to the eight-speed unit and the 
Service procedures are the same. 
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TRANSMISSION SYSTEMS 


Chapter 2 
DUAL POWER TRANSMISSION 


Section Page 
A. DUAL POWER TRANSMISSION — DESCRIPTION AND 
OPERATION 
B. PLANETARY GEARSET — OVERHAUL 6 
PRESSURE TESTING 18 


A. DUAL POWER TRANSMISSION — DESCRIPTION AND OPERATION 


The Dual Power transmission consists of a 
planetary gear set installed directly between 


the clutch and the input shaft of the trans- 
mission. 


The planetary gear set incorporates two 
hydraulically operated clutches which lock an 
element or elements of the planetary gear 
system together to produce either a normal 
direct drive to the transmission or a power 
underdrive which lowers the speed but 
increases the torque. 


Normal Direct Drive 


With reference to Figure 1. 


Locking any two members of a planetary gear 
system together results in a direct drive with no 
change in speed or direction of rotation. 


Compressing the direct drive clutch plates 
locks the sun gear to the planetary carrier 
which is the output member of the system. 
Applying power to the ring gear results in a 
normal direct drive. 


Figure 1 


Dual Power Planetary Gear Set— Normal Direct 
Drive Operation 


1. Ring Gear 

2. Pinion 

3. Planetary Carrier 
4. Sun Gear 


Figure 2 
Dual Power Planetary Gear Set — Power 
Underdrive Operation 


1. Ring Gear 

2. Pinion 

3. Planetary Carrier 
4. Sun Gear 


Power Underdrive 
With reference to Figure 2. 


Compressing the underdrive clutch plate, 
locks the sun gear to the planetary housing. 
Applying power to the ring gear forces the 
pinions to rotate on their own axes and ‘walk’ 
around the sun gear, taking the planetary gear 
with them. The planetary carrier is the output 
member of the system and turns in the same 
direction as the ring gear but at a lower speed 
with a resultant increase in torque. This 
condition produces a power underdrive. 


The Dual Power transmission is operated by a 
two-position control valve, located on the side 
of the planetary gear set housing, which 
directs oil from the low pressure hydraulic 
system pump to engage either the direct drive 
or the underdrive clutch assembly. The oll 
pressure is controlled by the low pressure 
hydraulic system regulating valve located on 
the right-hand side of the transmission. 


PART 5—TRANSMISSION SYST6S8 EEE 


The ground speeds in normal direct drive are 
unchanged from the previous 8-speed trans- 
mission ground speeds. 


The Dual Power transmission ratios and 
corresponding gear shift lever positions are 
shown on Page 15, ‘Specifications’ - Chapter 
4. 


Oil Flow to the Direct Drive Clutch 
With reference to Figure 3. 


The control valve, which has no neutral 
position, is moved by means of a solenoid 
operated pilot valve. The solenoid is controlled 
by a floor mounted, foot operated switch. 


When the Dual Power control switch is 
depressed to the normal (direct drive) position, 
electric current flows to the control valve 
solenoid and so energises the solenoid coil. 


The effect of energising the solenoid is to close 
the pilot valve thereby preventing the oil 
supplied at port ‘A’ from acting on the top of 
the control valve. Supply oil can however still 
pass through the centre of the control valve 
and act under the control valve spool. 


The hydraulic pressure acting under the 
control valve lifts the spool upwards, directing 
supply oil between the lands to the gallery 
drilled in the planetary housing which connects 
with the gap between the second and third 
sealing rings on the direct drive clutch hub. A 
drilled passage in the clutch hub allows the oil 
to act behind the direct drive clutch piston. The 
pressure moves the piston, compresses the 
piston spring and locks the direct drive clutch 
plates together so engaging the direc drive 
clutch. 
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. Pilot Valve 

. Control Valve Spool 

. Sealing Rings 
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Direct Drive Clutch Piston 

. Transmission Countershaft 
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Figure 3 
Oil Flow to Direct Drive Clutch 


[Ase] Lubrication Oil 
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Reservoir and 
Exhaust Oil 


. Pinion 

. Planetary Carrier 

. Planetary Housing 

. Underdrive Clutch Plate 
. Underdrive Clutch Piston 


Return Springs 
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Hydraulic oil from the rear of the underdrive 
clutch piston is exhausted and eventually 
returns to sump via the control valve and the 
planetary housing. Exhaust oil in the control 
valve also returns to the planetary housing viaa 
connecting passage in the control valve 
housing. 


Engaging the direct drive clutch locks the 
planetary carrier to the sun gear, which is 
splined to the direct drive clutch housing. 
When any two members of the planetary 
assembly are locked together a direct drive 
results with no change in speed or direction of 
rotation. Therefore, as the planetary carrier 
and the sun gear are locked together, power 
input at the ring gear is passsed directly to the 
planetary carrier which is splined via a centre 
shaft to the transmission mainshaft. 


Oil Flow to the Underdrive Clutch 
With reference fo Figure 4. 


When the Dual Power control switch Is 
depressed to the power (underdrive) position, 
the electrical connection to the solenoid is 
broken and the solenoid becomes de- 
energised, which opens the pilot valve. 


Supply oil from port ‘“A’’ can now act on both 
the upper and lower surfaces of the control 
valve. However the area of the top of the 
control valve is greater than the area of the 
bottom, which results. in the control valve 
being pushed down by the greater force acting 
on the top. 


Oil from port ‘“‘A” is now directed by the 
control valve spool through a drilled passage in 
the planetary housing to the underdrive clutch 
piston. The pressure moves the _ piston, 
compresses the piston return springs and locks 
the underdrive clutch plates together so 
engaging the underdrive clutch. 


Hydraulic oil from the rear of the direct drive 
clutch piston is exhausted and eventually 
returns to sump via the control valve and the 
planetary housing. Exhaust oil in the control 
valve also returns to the planetary housing viaa 
connecting passage in the control valve 
housing. 


Engaging the underdrive clutch locks the direct 
drive clutch housing to the planetary housing. 
As the sun gear is splined to the inner hub of 
the direct drive clutch assembly, it is also 
locked to the planetary housing. Applying 
power to the ring gear and holding the sun 
gear, causes the pinions of the planetary 
carrier to rotate on their own axes and ‘walk’ 
around the sun gear taking the carrier with 
them. 


The carrier, being the output member of the 
system, turns in the same direction but at a 
slower speed than the ring gear thereby 
producing an underdrive with a resultant 
decrease in speed and increase in torque. 


Lubrication Oil Flow 


Lubrication oil is drawn from the rear axle 
centre housing by the low pressure hydraulic 


_pump. It is directed from the pump to the 


regulating valve, then through tubing to the 
transmission oil cooler. The oil passes through 
the cooler and moves through a tube to the 
control valve. The oil passes through a passage 
in the control valve body, shown schematically 
at ‘‘B’’ in Figures 3 and 4, through a drilled 
passage in the planetary housing, between the 
first and second sealing ring on the direct drive 
clutch hub and through a drilled passage in line 
with the direct drive clutch plates. The oil flows 
around the clutch plates and works its way 
through the planetary assembly. As the 
members of the planetary assembly revolve, oil 
is thrown off to lubricate the bearings and 
components in the housing. Excess oil in the 
housing flows through passages directly into 
the transmission case and is used to splash 
lubricate the transmission gears and bearings. 
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Figure 4 
Oil Flow to Underdrive Clutch 
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Lubrication oil from the control valve is also 
used to pressure lubricate the transmission. 
The oil passes between the first and second 
sealing rings on the direct drive clutch hub, 
through a drilled passage, to the main 
countershaft bearing retainer. Oil entering the 
main countershaft bearing retainer at the top 
of the main countershaft needle bearing, flows 
into the centre passages of the main counter- 
shaft and output shaft and lubricates the 
bearing and gears through cross drillings in the 
two shafts. As the components on the 


countershaft and output shaft revolve, oil is 
carried to the mainshaft and secondary 
countershaft to lubricate the upper gears and 
bearings in the transmission case. 


The transmission case and the rear axle centre 
housing serve as a common oil reservoir. Oil 
collecting in the transmission case is allowed to 
flow into the rear axle centre housing through 
passages in the secondary countershaft 
bearing retainer. 


B. PLANETARY GEARSET — OVERHAUL 


REMOVAL 


NOTE: The Dual Power solenoid and control 
valve assembly can be removed and installed 
without having to drain the oil from the 
transmission case or separate the engine from 
the transmission. 


1. Remove the drain plug from the bottom of 
the rear axle centre housing and drain the 
oil from the transmission case. Be 
prepared to drain approximately 17 Imp. 
gallons (20 U.S. gallons) (76 litres). 


2. Disconnect the wiring harness from the 
Dual Power solenoid wire at the plug 
connector located above the transmission 
bell-housing. 


3. For TW-5, TW-15 and TW-25 Tractors, 
disconnect the lubricant cooler outlet lines 
from the ‘“’T’’-fitting, Figure 5. Disconnect 
the Dual Power pressure line. Also, unplug 
the wires leading to the transmission oil 
pressure switch and remove the switch 
from the 4-way connector. Cap or plug all 
lines and fittings. 


4. For TW-35 Tractors, disconnect the 
lubricant cooler outlet lines from the 
“T'' fitting, Figure 6. Disconnect the dif- 
ferential lock valve pressure line and the 
Dual Power pressure line from the 4-way 
connector. Unplug the wires leading to the 
transmission oil pressure switch and 
remove the switch from the 4-way 
connector. Remove the 4-way connector 
and ‘’T’’-fitting. Cap or plug all lines and 
fittings. 


5. Withdraw the retaining bolts and remove 
the control valve access plate. 


6. Remove the inlet screen from the control 
valve housing pressure line connector 


7. Pull the Dual Power solenoid wire and 
grommet inside the bell housing. Take care 
to prevent damage to the grommet. 


8. Withdraw the bolts securing the valve 
body to the planetary housing and remove 
the valve body. 


NOTE: The valve body may be difficult to 
remove due to the application of a liquid 
gasket. 
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Figure 5 Figure 6 
Preparing for Dual Power Planetary Gearset Preparing for Dual Power Planetary Gearset 

Removal — TW-5, TW-15 and TW-25 Tractors Removal — TW-35 Tractors 
1. ““T'’-Fitting 1. Differential Lock Valve Pressure Line 
2. Lubricant Cooler Outlet Lines 2. ““T’’-Fitting 
3. Dual Power Pressure Line 3. Lubricant Cooler Outlet Lines 
4. 4-way Connector 4. Dual Power Pressure Line 
5. Transmission Oil Pressure Switch 5. Transmission Oil Pressure Switch 
6. Access Plate 6. 4-Way Connector 


9. Scrape the liquid gasket from the valve 
body and planetary housing mating 
surfaces. 


10. Remove the pressure line and lubrication 
line connectors from the valve body and 
remove the O-ring seals from. the 
connectors. 


11. Separate the engine from the trans- 
mission. (See “SEPARATING THE 
TRACTOR” — Part 12). 


12. Remove the split pins and clevis pins from 


the clutch release fork, Figure 7. Pull the aguie 7 
. Dual Power Planetary Gearset Removal 

cross shaft from the case to release the and Installation 
fork. 1. Split Pins 

2. Cross Shaft 

3. Clutch Release Fork 

4, Clutch Release Bearing and Hub 

13. Remove the fork and the clutch release > ee as - 


hub. 
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Figure 8 
Planetary Gear Set Components — Exploded View 


1. Cover 

2. Thrust Washer 

3. Sun Gear 

4. Direct Drive Clutch 

5. Shaft 

6. Thrust Washer 

7. Planetary Housing 

8. Underdrive Clutch Assembly 
9. Planetary Carrier 

10. Pilot Bearing 

11. Ring Gear and Shaft Assembly 
12. Shim 

13. Ring Gear Bearing 


14. Withdraw the eight bolts from the 
planetary cover. Prise the cover from the 
planetary housing gently and evenly to 
avoid binding. Remove the gasket from the 
cover. 


15. Remove the ring gear and shaft assembly 
from the housing, Figure 8. 


16. Carefully remove the planetary carrier, 
shaft, sun gear and direct drive clutch 
assembly as a complete unit and extract 
the thrust washer from the housing. 


Figure 9 
Dual Power Shaft Removal 


1. Direct Drive Clutch 

2. Shaft 

3. Slide Hammer, Tool No. 943S or 9567 

4. Planetary Shaft Puller, Tool No. FT.5004 or 4721 


NOTE: Removal of the ring gear may also 
withdraw the Dual Power reduction gear set 
and direct drive clutch unit from the trans- 
mission due to the shaft being a tight fit in the 
ring gear bearing. In these cases the shaft may 
be extracted form the ring gear bearing by 
means of a Slide Hammer, Tool No. 943S or 
9567 and the Planetary Shaft Puller, Tool No. 
FT.5004 or 4721, placed over the rear of the 
shaft, Figure 9. 


17. Remove the sun gear from the inner splines 
of the direct drive clutch assembly. 


Figure 10 
Thrust Washer Location 


1. Tab 
2. Thrust Washer 
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. Main Countershaft Bearing Retainer 
. Lubrication Supply Tube 

. Planetary Housing 

. Friction Plate 

. Snap Ring 


18. Withdraw the five bolts securing the 


planetary housing to the transmission 
case, Figure 10. Be careful not to damage 
the friction plate teeth in the underdrive 
clutch assembly when removing the 
retaining bolts. Remove the housing from 
the case. Remove the two O-ring seals 
from the back of the housing. 


DISASSEMBLY 


Direct Drive Clutch 


With reference to Figure 11. 


1. 


Remove the three sealing rings from the 
rear hub of the direct drive clutch housing. 


Depress the piston return spring and 
remove the snap ring from the inner hub 
using Clutch Compressor Tool No. N-775 
or 1312 and either Puller, Tool No. 1003 or 
9516 or a press, Figure 12. 


Figure 11 
Direct Drive Clutch Assembly — Exploded Vie 


1. Steel Plates 
Pressure Plate 

Snap Ring 

Friction Plates 

Snap Ring 

Spring Retainer 
Piston Return Spring 
Sealing Rings 

Direct Drive Clutch Housing 
Piston Seals 

Piston 
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Figure 12 
Direct Drive Clutch Piston Return Spring Snap 
Ring — Removal and Installation 
1. Press Ram 
2. Spring Retainer 
3. Snap Ring 
4. Clutch Compressor, Tool No. FT.4101 or 1312 
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Figure 13 Figure 15 
Direct Drive Clutch Pressure Plate Snap Ring — Underdrive Clutch Snap Ring — Removal and 
Removal and Installation Installation 
1. Direct Drive Clutch Housing 1. Snap Ring 
2. Pressure Plate Snap Ring 2. Planetary Housing 


3. Restraining Clamp 


3. Release the pressure and ensure the spring 5. Remove the clutch pressure plate snap ring 


retainer does not enter the snap ring as shown in Figure 13. 
groove. 
4. Remove the spring retainer and spring. 6. Remove the pressure plate, the friction and 


steel plates from the clutch housing. 


IMPORTANT: Note the order in which the 
clutch plates were removed. 


7. Place an air hose nozzle in the hole 
between the middle and rear sealing ring 
grooves in the clutch housing hub and 
blow out the piston. 


IMPORTANT: For safety, position the direct 
drive clutch housing with the front face down 
on the bench so the piston cannot cause injury 
when expelled. 


Figure 14 


Restraining Clamp for Removal of Underdrive ee 
Clutch Snap Ring 8. Remove the piston inner and outer seals. 
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Figure 16 
Underdrive Clutch Assembly — Exploded View 


. Piston Return Springs 
. Pressure Plate 

. Snap Ring 

. Spring Retainer 

. Friction Plate 

. Rear Plate 

. Piston Seals 

. Control Valve Body 
. Planetary Housing 
. Piston 

. Dowel Pins 


“OSOOAONOOIARPWNH— 


ah oush 


Underdrive Clutch 


1. Remove the large snap ring from the inner 
surface of the planetary housing. 


NOTE: Jo remove the snap ring it is 
recommended that four restraining clamps be 
made as shown in Figure 14. Equispace the 
four clamps, Figure 15, around the rim of the 
planetary housing and secure with the housing 
bolts. 


After removing the snap ring, gradually 
release the restraining clamps. 


Remove the spring retainer, pressure plate 
and friction plate, Figure 16. 


IMPORTANT: Note the order in which the 
clutch plates were removed. 


4. Remove the piston return springs, locating 
dowel pins and rear plate. 
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Figure 17 

Control Valve Assembly 
1. Washer 
2. Solenoid 
3. Plug 
4. Valve Body 
5. Valve Spool 
6. Pilot Valve Assembly 
7. Nut 
5. Place an air hose nozzle in the pressure 


supply port of the control valve housing, 
and carefully blow out the underdrive 
piston. 


IMPORTANT: Position the planetary housing 
so that the underdrive piston cannot cause 
injury when expelled. 


6. Remove the inner and outer seals from the 
piston. 


Control Valve Assembly 
With reference to Figure 17. 


1. Remove the plug located in the control 
valve at the opposite end to the solenoid. 


2. Unscrew the retaining nut and remove the 
solenoid and washer. 
3. Unscrew the pilot valve assembly and 


extract the control valve spool. 
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Figure 18 
Removing Clutch Release Bearing From Hub 


Figure 19 
Installing Clutch Release Bearing 


1. Release Bearing 1. Sleeve 
2. Pulling Attachment, Tool No. 951 or 9190 2. Release Bearing 
3. Hub 3. Hub 


4. Step Plate, Tool No. 630S or 9210 4. Step Plate, Tool No. 630S or 9210 


INSPECTION AND REPAIR Use a suitable Step Plate, Tool No. 630S or 
9210, and a convenient length sleeve of 


1. Clean all parts in a suitable solvent and dry 2.38 in (61 mm) internal diameter and 2.62 


thoroughly with a dry, lint-free cloth or 
compressed air. 


. Examine the lubrication inlet tube and the 
pressure inlet tube for damage or 
distortion. Discard any defective tubes. 


. Examine the control valve solenoid cable 
for damage or loose connections. 


. Examine the clutch release hub and 
bearing for excessive wear or damage. If 
necessary, remove the bearing from the 
hub with Pulling Attachment, Tool No. 951 
or 9190, a suitable Step Plate, Tool No. 
630S or 9210, and either a Puller, Tool No. 
1002 or 9198, or a press, Figure 18. 
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in (66 mm) outside diameter to install anew 
bearing, see Figure 19. Press the new 
bearing onto the hub and ensure the thrust 
face of the bearing faces away from the 
shoulder on the hub. 


. Pack the recess in the bearing hub bore 


with a high melting point grease. 


Inspect the clutch release fork for cracks or 
excessive wear and replace as necessary. 


Examine the cross-shaft and lever for 
distortion or excessive wear and install a 
new assembly, if damage is evident. 
Inspect the shaft bushings for excessive 
wear and replace if found to be defective. 
Bushings should be driven into the housing 
until they are flush with the outside edges 
of the cross-shaft locating bores. 
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8. 


10. 


11. 


12. 


Inspect the planetary cover for damage or 
distortion. Check the face of the cover and 
the mating surface for nicks or burrs and 
remove any imperfections with an abrasive 
stone. 


. Inspect the planetary carrier and gears, 


planetary shaft, pilot bearing and thrust 
washer for damage or wear. If necessary, 
use Puller, Tool No. 1002 or 9198, Pulling 
Attachment, Tool No. 951 or 9190, and a 
suitable Step Plate, Tool No. 630S or 9210, 
to remove the pilot bearing, see Figure 20. 
Separate the shaft from the planetary 
carrier and remove the thrust washer. 
Install new parts where necessary and re- 
assemble. Use a press and a convenient 
length sleeve of 1.62 in (42 mm) internal 
diameter and 1.88 in (48 mm) outside 
diameter to install a new pilot bearing. 


Inspect the sun gear for excessive wear or 
damaged teeth. 


Inspect the sealing rings from the rear hub 
of the direct drive clutch assembly for 
damage, distortion or cracks. 


If new sealing rings are to be installed, 
insert the seals in a 2.38 in (60 mm) internal 
diameter test bore for a period of 10 
minutes prior to assembly. This procedure 
ensures the rings obtain the correct 
amount of pre-tension to avoid damage on 
assembly. When ready to install the clutch 
housing, fill the hub grooves with grease 
and locate the sealing rings in the grooves. 
Turn the rings so that none of the ends are 
in line with one another. Ensure the rings 
do not protrude above the lands of the 
direct drive hub on re-assembly. 


Examine the bore in the hub of the 
planetary housing where the direct drive 
sealing rings locate. If wear or damage is 
evident the planetary housing must be 
replaced. 


Figure 20 
Removing Pilot Bearing from Planetary Shaft 


. Puller, No. 1002 or 9198 

. Step Plate, Tool No. 630S or 9210 

. Planetary Shaft 

. Planetary Carrier 

. Pilot Bearing 

. Pulling Attachment, Tool No. 951 or 9190 
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13. Examine the direct drive clutch housing 
both externally for cracks or damage and 
internally for wear and piston scuffing. 
Inspect the housing external splines for 
cracked, broken or missing teeth. 


14. Inspect the direct drive clutch piston, 
friction plates, steel plates, pressure plate 
and snap ring and install new piston seals. 
Any defective parts must be replaced 
during re-assembly. 


15. Examine the direct drive clutch piston 
return spring, spring retainer and snap ring 
for damage. 


16. Examine the thrust washer for damage or 
distortion. 
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Figure 21 Figure 23 
Mainshaft Bearing Removal Ring Gear Bearing Removal 
1. Puller, Tool No. 943 or 9507 . Step Plate, Tool No. 630S or 9210 
2. Mainshaft Bearing . Bearing 


3. Planetary Housing . Ring Gear and Shaft Assembly 
. Pulling Attachment, Tool No. 952 or 9526 
. Puller Legs, Tool No. 930B or 9521 


. Puller, Tool No. 938 or 9506 
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17. Inspect the planetary housing for cracks or 
damage. Examine the underdrive clutch 
piston, locating dowel pins, springs, rear 
plate, friction plate, pressure plate, spring 
retainer and snap ring and install new 
piston seals. Discard and replace any 
cracked, damaged or badly worn parts. 


18. Examine the mainshaft bearing in the hub 
of the planetary housing for excessive 
wear or damage. If necessary, use Puller, 
Tool No. 943 or 9507, and Slide 
Hammer, Tool No. 9435S or 9567, to remove 


Figure 22 the bearing, see Figure 21. Use a suitable 

Mainshaft Bearing Installation Step Plate, Tool No. 630S or 9210, to 

, aie Bide Rasen sOe0S Crsei’ install a new bearing in the housing as 
3. Planetary Housing shown in Figure 22. 
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19. Inspect the ring gear and shaft assembly 
for damage or wear. Inspect the shaft 
splines for damage. If necessary, install a 
new ring gear and shaft assembly. 


20. Examine the ring gear bearing for wear or 
damage. If necessary, use Puller, Tool No. 
938 or 9506, Puller Legs, Tool No. 930B or 
9521, Pulling Attachment, Tool No. 952 or 
9526 and a suitable Step Plate, Tool No. 
630S or 9210, to remove the bearing as 
shown in Figure 23. Take care not to 
damage. the shim located behind the 
bearing. Ensure the shim is placed against 
the step on the ring gear shaft then use a 
convenient length sleeve of 3.25 in (83 mm) 
internal diameter and 3.75 in (95 mm) 
outside diameter to press the new bearing 
onto the shaft. 


IMPORTANT: The shim located behind the 
ring gear bearing governs the planetary gear 
set end play. If any of the major components of 
the planetary gear set are changed, refer to 
‘Planetary Gear Set Shimming Procedure’, 
Page 16, to determine the correct size shim to 
be installed behind the ring gear bearing. 


21. Examine the valve spool bore in the valve 
body for damage or wear. 


. Inspect the valve spool lands for scratches, 
wear or other damage. Minor burrs or 
scratches may be removed with a fine 
abrasive material but parts must be 
washed and dried prior to re-assembly. If 
any part is damaged or seriously worn, 
install a new part on re-assembly. 
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23. Check the solenoid for cracks or damage. If 
any doubt exists as to the serviceability of 
this component, replace with a new 
solenoid. 


24. Inspect the foot operated control switch 
for damage or wear and replace, if 
necessary. 


RE-ASSEMBLY 


Re-assembly of the direct drive clutch, the 
underdrive clutch and control valve follows the 
disassembly procedure in reverse. On re- 
assembly observe the following requirements: 


Install new inner and outer seals on the 
clutch pistons. Apply petroleum jelly to 
both surfaces prior to installation in the 
clutch housings. Avoid tilting the pistons 
and ensure they are pushed in to contact 
the inner faces of the housings. 


(i) 


(ii) Ensure the snap rings are fully seated in 
their respective grooves. Ensure the gap 
of the underdrive clutch retaining snap 
ring is placed in line with the lubrication 


port of the Dual Power Housing. 


When re-assembling the solenoid to the 
valve, apply a proprietary thread sealant 
to the pilot valve assembly threads and 
tighten the nut to the correct torque, see 
Page 13, ‘Specifications’ — Chapter 4. 


(iii) 
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PLANETARY GEAR SET SHIMMING 
PROCEDURE 


IMPORTANT: This procedure must be 
followed whenever a new cover, bearing, ring 
gear, planetary carrier, sun gear, direct drive 
clutch or planetary housing Is installed. 


Free play among the components of the 
planetary housing is governed by means of a 
shim located betwen the bearing and the step 
on the ring gear shaft. 


For free play requirement and available shims, 
see Page 12, ‘Specifications’ — Chapter 4. 


Determine the shim required to give the 
specified free play as follows: 


1. Install the sun gear in the inner splines of 
the direct drive clutch assembly. 


. Place the thrust washer in the planetary 
carrier and align the splines. 


3. Install the planetary carrier and thrust 
washer onto the sun gear and ensure the 
splines of the planetary carrier are engaged 
with all of the direct drive clutch friction 
plates. 


. Hold the components tightly together and 
install the planetary shaft from the rear. 
Tap the shaft, if necessary, to ensure full 
engagement. 


5. Use a convenient length sleeve of 1.62 in 
(42 mm) internal diameter and 1.88 in 
(48 mm) outside diameter to press the pilot 
bearing onto the shaft. 


6. Position the planetary housing (with 
underdrive clutch installed) on a bench or 
other flat surface. 


NOTE: Support the housing on blocks so that 
the rear of the planetary shaft does not foul the 
workbench when the direct drive clutch and 
planetary gear set is fully installed. 
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7. Place the thrust washer in the housing with 
the tab up and towards the rear of the 
transmission. 


. Install the direct drive clutch and planetary 
gear set assembly in the housing. Ensure 
the assembly is fully seated. 


9. Install the ring gear and shaft assembly 
(without the ring gear bearing or shim) in 
the housing. Place the Ring Gauge, Tool 
No. FT.5000 or 1303, on the step of the ring 
gear shaft. 


10. Position the cover on the _ planetary 


housing without the gasket. 


11. Use a feeler gauge to measure the distance 
between the face of the cover and the face 
of the housing at three conveniently 
spaced intervals. Average the three 
measurements. For correct shimming gap, 
see Page 12, ‘Specifications’ — Chapter 4. 
If the average measurement is within 
specification the free play is within the 
required limits and no shims are necessary. 


12. If the average measurement is less than the 
range stated, determine the shim thickness 
required by referring to the relevant chart, 


see Page 12, ‘Specifications’ — Chapter 4. 


13. Remove the cover and the ring gear and 
shaft assembly from. the _ planetary 
housing. Remove the ring gauge and place 
the appropriate shim(s) on the step of the 
ring gear shaft. Press the bearing onto the 
ring gear using a convenient length sleeve 
of 3.25 in (83 mm) internal diameter and 


3.75 in (95 mm) outside diameter. 


14. Remove the components from. the 
planetary housing and retain in order for 


final installation. 
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INSTALLATION 


NOTE: /f it is necessary to install a new cover, 
bearing, ring gear, planetary carrier, sun gear, 
direct drive clutch or planetary housing, refer 
to ‘Planetary Gear Set Shimming Procedure’, 
Page 16, before installing the planetary 
components in the transmission case. 


Installation of the planetary gear set and 
control valve follows the removal procedure in 
reverse. Pay particular attention to the 
following important points: 


(i) If all components are correctly installed, 
the cover should easily seat in the 
housing. Any need for force indicates 


incorrect re-assembly. 


(ii) Install two new O-ring seals on the main 
countershaft bearing retainer and use 


petroleum jelly to hold them in place. 


(iii) Apply a proprietary sealing compound to 
the ends of the lubrication and pressure 


supply tubes. 


(iv) Ensure the thrust washer is installed with 
the tab up and located in the notch of the 
planetary housing. 

(v) Install new oil seals in the hub of the ring 
gear and the planetary cover. 

(vi) Tighten the planetary housing and cover 


retaining bolts diagonally and evenly to 
the correct torques, see Page 13, ‘Specifi- 
cations’ — Chapter 4. 
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IMPORTANT: The planetary cover contains a 
drilled passage to allow oil to lubricate the ring 
gear bearing. Install the cover with the word 
“TOP” upwards to ensure the drilled passage 
/s correctly located. 


(vii) Install new O-ring seals on the control 
valve pressure line and lubrication line 
connectors. 


(viii) Apply a proprietary brand of liquid gasket 
to the control valve body and planetary 
housing mating surfaces. 


(ix) Do not over-tighten the connector into 
the control valve body or the ‘’T’’-fitting 
into the connector. Tighten to the 
specified torque, see Page 13, ‘Specifi- 
cations’ Chapter 4. Support the 
“T"-fitting with a wrench’ while 
connecting and tightening the pressure 


tube(s). 


Take care to avoid damage to the control 
valve solenoid and wire and ensure the 
grommet is firmly in place to protect the 
solenoid wire. 


(x) 


Fill the transmission/rear axle with the 
correct grade and quantity of oil, see 
Page 12, ‘Specifications’ — Chapter 4. 


(xi) 
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C. PRESSURE TESTING 


PRESSURE TESTING refer to Page 10, “LOW PRESSURE 
HYDRAULIC SYSTEM — PRESSURE 
For the Dual Power system pressure tests, TESTING” — Chapter 3. 
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Chapter 3 
LOW PRESSURE HYDRAULIC SYSTEM 


Section Page 
A. DESCRIPTION AND OPERATION 1 
B. | REGULATING VALVE 6 
C. | PRESSURE TESTING 10 


A. DESCRIPTION AND OPERATION 


The low pressure hydraulic system has two 
functions. First, to supply low pressure oil to 
operate the power assisted brakes (TW-35 
only), the independent P.T.O. clutch, the 
independent P.T.O. brake, the differential lock 
clutch and the Dual Power clutches (where 
fitted). Secondly, to supply lubrication oil, via 
an air-to-air cooler, to the Dual Power unit 
(where fitted) and transmission, the 
independent P.T.O. clutch pack, the rear axle 
final drives (planetary reduction gears) and the 
P.T.O. stub shaft. For oil flow within the Dual 
Power and transmission, see Page 1, 
Chapter 2. 


The heart of the low pressure hydraulic system 
is the Gerotor pump, Figure 1. The pump is 
mounted on the rear end of the transmission 
and is driven by the main P.T.O. shaft. For 
pump service procedures, see Page 22, 
Chapter 1. 


The low pressure hydraulic circuit is of open 
centre design, whereby, when the engine is 
running hydraulic oil is continuously pumped 
through the circuit. 


Figure 1 
Low Pressure Hydraulic System Pump 
. Housing 
. Outer Rotor 
. Inner Rotor 
. Screws 
. Rear Plate 


OhWN=— 


_— 


a | 


te NL Jie =S— 


PART 5—TRANSMISSION SYSTQAS EEE 


Figure 2 
TW-5, TW-15 and TW-25 Low Pressure 
Hydraulic Systems 


1. Lubrication Line to Rear Axle (P.T.O. Clutch, 
Final Drives, P.T.O. Stub Shaft) 

2. Lubrication Line from Cooler (Goes to Dual 
Power and/or Transmission Lubrication and 
Rear Axle) 

3. Lubrication Line to Cooler from Regulating 
Valve 


Low Pressure Hydraulic System — 
Ford TW-5, TW-15 and TW-25 Tractors 


With reference to Figures 2 and 3. 


The pump receives oil drawn from the rear axle 
centre housing. Pressurised oil from the pump 
is directed through passages in_ the 
transmission rear bearing retainer and the 
transmission case to the regulating valve 
mounted on the right-hand side of the 
transmission. 


4. “T” Fitting 

. Pressure Line to Dual Power 

. Pressure Line to P.T.O./Differential Lock Valve 
. Regulating Valve 

. Transmission Oil Pressure Switch 
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The hydraulic oil also passes, via external pipe- 
work, to the P.T.O./differential lock valve and 
the Dual Power control valve and clutch packs 
(where fitted). A transmission oil pressure 
switch is connected into this part of the circuit. 


The hydraulic oil also passes internally, via the 
P.T.O. control valve, to the independent 
P.T.O. clutch and brake. 
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Figure 3 
TW-5, TW-15 anc TW-25 Low Pressure 
Hydraulic System 
[eae] System Pressure Oil ae Lubrication Pressure Oil eee Reservoir, Suction and Exhaust Oil 
9. Transmission Oil Cooler 13. System Pressure Regulating Valve 


10. Dual Power Assembly 14. Gerotor Pump 
11. Dual Power Control Valve 15. P.T.0O./Differential Lock Valve 


12. Lubrication Pressure Regulating Valve 16, P.7.0..Cluten 


P.T.O. Control Valve 

Pump Intake Strainer 

Transmission Oil Pressure Switch 
Countershaft Needle Bearing Lubrication 


1. Differential Lock 

2. P.T.O. Stub Shaft Lubrication 
3. Final Drive Lubrication 

4. P.T.O. Brake 
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TW-5, TW-15 AND TW-25 
LOW PRESSURE HYDRAULIC SYSTEM 
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After these various system components have 
been fully actuated, the system pressure rises 
until the pressure regulating valve lifts to allow 
the oil to pass into the lubrication circuit. A 
proportion of the oil is exhausted through the 
independent P.T.O. and Dual Power clutches 
(where fitted) to effect lubrication of the clutch 
plates. 


The main supply of oil passes from the 
regulating valve, via external pipework, to an 
air-to-oil cooler located in front of the radiator. 


A relief valve, located adjacent to the pressure 
regulating valve, protects the oil 
cooler/lubrication circuit from excess pressure 
by allowing surplus oil to pass directly to sump 
whilst maintaining an adequate supply of oil to 
the lubrication circuit. Lubrication oil from the 
cooler is directed, via external pipework, to the 
front transmission and flows, via the Dual 
Power housing (where fitted), to the centre 
passages of the transmission main counter- 
shaft and output shaft which feature radial 
drillings to facilitate pressure lubrication of the 
bearings and gears. Lubrication oil is also 
directed into the rear transmission to facilitate 
pressure lubrication of the independent P.T.O. 
clutch pack, the rear axle final drive and the 
P.T.O. stub shaft. 


Low Pressure Hydraulic System — 
Ford TW-35 Tractors 


With reference to Figures 4 and 5. 


The pump receives oil drawn from the rear axle 
centre housing. Pressurised oil from the pump 
is directed through passages in the trans- 
mission rear bearing retainer and the trans- 
mission case to the regulating valve and brake 
priority valve mounted on the right-hand side 
of the transmission. The priority valve lifts to 
allow the oil to pass, via external pipework, to 
the power brake valve mounted on the right- 
hand side of the bulkhead at the rear of the 
engine. 


After the power braking circuit requirements 
have been satisfied, the system pressure rises 
until the priority valve lifts to allow pressure oil 
to pass, via external pipework, to the Dual 
Power control valve and clutch packs (where 
fitted) and on to the differential lock valve 
located adjacent to the power brake valve. 


A transmission oil pressure switch is 
connected into this part of the circuit. 


The hydraulic oil also passes, via external 
pipework, to the P.T.O. clutch and brake. 


After these various system components have 
been fully actuated, the system pressure rises 
until the pressure regulating valve lifts to allow 
the oil to pass into the lubrication circuit. 


A proportion of the oil is exhausted through 
the independent P.T.O. and Dual Power 
clutches (where fitted) to effect lubrication of 
the clutch plates. The main supply of oil passes 
from the regulating valve, via external 
pipework, to an air-to-oil cooler located in front 
of the radiator. 


A relief valve, located adjacent to the pressure 
regulating valve, protects the oil cooler/ 
lubrication circuit from excess pressure by 
allowing surplus oil to pass directly to sump 
whilst maintaining an adequate supply of oil to 
the lubrication circuit. 


Lubrication oil from the cooler is directed, via 
external pipework, to the front transmission 
and flows, via the Dual Power housing (where 
fitted), to the centre passages of the trans- 
misson main countershaft and output shaft 
which feature radial drillings to facilitate 
pressure lubrication of the bearings and gears. 
Lubrication oil is also directed into the rear 
transmission to facilitate pressure lubrication 
of the independent P.T.O. clutch pack; the 
rear axle final drive and the P.T.O. stub shaft. 


The lubrication oil is finally exhausted to the 
common front and rear transmission reservotr. 
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Figure 4 
TW-35 Low Pressure Hydraulic System 

1. Pressure Line to Differential Lock Control Valve 6. 4-way Connector 
2. “‘T"’ Fitting 7. Pressure Line to Differential Lock Clutch 
3. Lubrication Line from Cooler (Goes to Dual 8. Regulating Valve 

Power, Transmission and Rear Axle) 9. Pressure Line to P.T.O. Control Valve 
4. Lubrication Line to Cooler from Regulating 10. Pressure Line to Power Brake Valve 

Valve 11. Lubrication line to Rear Axle (P.T.O. Clutch, 
5. Pressure Line to Dual Power Control Valve Final Drives, P.T.O. Stub Shaft) 


B. REGULATING VALVE 


The location of the low pressure hydraulic REMOVAL 

system regulating valve for the TW-5, TW-15 

and TW-25 Tractors is shown in Figure 2 and. With reference to Figures 2 and 4. 
for the TW-35 Tractor in Figure 4. The 


difference between the two valve assemblies is 1. Disconnect pipes from regulating valve 
the provision of a brake priority valve for the assembly. Plug or cap exposed pipe ends 
TW-35 Tractors to maintain a minimum system to prevent entry of dirt. 

pressure level to ensure priority operation of 

the power assist brake valve. (The TW-5, 2. Withdraw mounting bolts and carefully 
TW-15 and TW-25 Tractors do not feature remove valve assembly from side of 
power assist brakes). transmission. 
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P.T.O. Stub Shaft Lubrication 
Final Drive Lubrication 

P.T.O. Brake 

P.T.O. Control Valve 


Figure 5 
TW-35 Low Pressure Hydraulic System 
SSN 


cS Lubrication Pressure Oil 


6. Pump Intake Strainer 11. Oil Cooler 
7. Transmission Oil Pressure Switch 12. Power Brake Valve 
8. Countershaft Needle Bearing Lubrication 13. Brake/ Differential Lock Interlink 
9. Dual Power Assembly 14. Dual Power Control Valve 
10. Differential Lock Valve 15. Brake Priority Valve 
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[eases] Reservoir, Suction and Exhaust Oil 


System Pressure Regulating Valve 


. Lubrication Pressure Valve 
. Gerotor Pump 

. P.T.O. Clutch 

. From Trailer Brake Valve 
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TW-35 LOW PRESSURE HYDRAULIC SYSTEM 


Figure 6 
TW-5, TW-15 and TW-25 Low Pressure 
Hydraulic System Regulating Valve — 
Exploded View 


. Housing 

O-Ring Seals 

Valve Springs 

Plugs and Seals 

System Pressure Valve 
Lubrication Pressure Valve 
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DISASSEMBLY 


With reference to Figures 6 and 7. 


1. Remove the socket headed plugs and 
carefully withdraw the valve springs and 
valves. Remove and discard all O-ring 
seals. 


IMPORTANT: The valves and springs are not 
interchangeable. Tag or identify the valves and 
springs to ensure correct re-assembly. 


INSPECTION AND REPAIR 


1. Thoroughly clean all components in a 
suitable solvent. Blow dry with com- 
pressed air not exceeding 30 Ibf/in? (2 bar) 
(2.1 kgf/cm?). 


Figure 7 


TW-35 Low Pressure Hydraulic System 
Regulating Valve— Exploded View 


Housing 

O-Ring Seals 

Lubrication Pressure Valve 
System Pressure Valve 
Plugs and Seals 

Valve Springs 

Brake Priority Valve 
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2. Inspect the spools for excessive wear, 
scoring, burrs and binding in their 
respective bores. Replace if necessary. 


NOTE: When diagnosing complaints that 
could be due to low pressure or when low 
pressure is observed, check the system 
pressure valve spool orifice for restriction. If - 
the valve spool is found to be restricted, 
thoroughly clean prior to re-assembly. Never 
shim a low pressure hydraulic system valve to 
correct low pressure complaints. 


3. Inspect the springs for wear or damage and 
compare with new springs for fatigue. 


4. Ensure the orifice in the housing between 
the system pressure valve and the 
lubrication pressure valve is free from 
obstruction. 
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RE-ASSEMBLY AND INSTALLATION 


1. Re-assembly of the regulating valve 
follows the disassembly procedure in 
reverse. On re-assembly replace all O-ring 
seals with new parts. 


2. Installation follows the removal procedure 
in reverse. On installation, tighten the 
mounting bolts to the correct torque, see 
Page 13, ‘Specifications’ — Chapter 4. 
Securely tighten all pipe connections and 
test the system for leaks. 


C. PRESSURE TESTING 


SYSTEM PRESSURE CHECK 


With reference to Figure 8. 


This test procedure tests all functions of the 
low pressure hydraulic system and can be used 
to isolate a particular problem within the 
system. For example, if a pressure reading is 
low in only one step of the test, the cause is in 
the particular system being checked. If 
pressure readings are low in all tests, the 
regulating valve or pump is probably at fault. 


Figure 8 
Low Pressure Hydraulic System Pressure 
Check— TW-35 Shown 
1. Tool No. FT.4100 or 2027 
2. Tool No. 0700 
3. Tool No. 2106 
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Check pressure as follows: 


1. Operate the tractor until the hydraulic 
system oil is at normal operating 
temperature. Stop the engine. 


2. Remove the plug from the P.T.O. supply 
tube fitting and install a male Pipe Fitting, 
Tool No. 0700, Hose and Fitting Assembly, 
Tool No. 2106 and Pressure Gauge, Tool 
No. FT.4100 or 2027. 


NOTE: 7he test equipment installation shown 
in Figure 8 is for the TW-35 Tractor. The 
installation for the TW-5, TW-15 and TW-25 
Tractors is similar except the plug on the 
P.T.O. supply tube fitting is located on the 
front of the fitting and not the side. 


3. The following procedure is for tractors 
with Dual Power. For tractors less Dual 
Power, the test procedure starts at Step 4. 
Start the engine and set the speed at 
800— 1000 rev/min. Pressure readings 
should be 185—220 Ibf/in? (12.8—15.1 
bar) (13— 15.4 Kgf/cm2). 


SA A EST (LL) EDT EE Fe 3 


(a) Check the pressure with the Dual 


Power in underdrive (Switch down). 


(b) Check the pressure with the Dual 


Power in direct drive (Switch up). 


With Dual Power in direct drive, 
engage the P.T.O. and check the 
pressure reading. 


(c) 


With Dual Power in direct drive and 
the P.T.O. engaged, engage the 
differential lock and check the 
pressure reading. 


(d) 


(e) TW-35 Tractors only: With the Dual 
Power in direct drive and the P.T.O. 
engaged, apply the left wheel brake 
and check the pressure reading. 
Whilst holding the left wheel brake 
pedal down, apply the right wheel 
brake and check the _ pressure 


reading. 


(f) Check the system pressure with the 
engine running at 2200 rev/min and 
the Dual Power in direct drive; the 
pressure reading must be 
185—235 Ibf/in? (12.8—16.2 bar) 


(13— 16.5 kgf/cm?). 


For tractors less Dual Power: 
(a) Start the engine and set the speed at 
800 — 1000 rev/min. Pressure 
readings must be 185—220 Ibf/in? 
(12.8—15.1 bar) (13— 15.4 kgf/cm?). 


(b) Engage the P.T.O. and check the 


pressure reading. 


(c) Withthe P.T.O. engaged, engage the 
differential lock and check the 


pressure reading. 


Stop the engine and remove the test 
equipment. Install the plug and tighten 
securely. 
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Figure 9 
Lubrication Pressure Check — TW-35 Shown 

. Tool No. FT.4100 or 2027 

. Tool No. 0707 

. Pipe “T’’-Fitting and Nipples 

. Cooler Inlet Hose 

. Tool No. 2106 
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LUBRICATION PRESSURE CHECK 

The transmission lubrication pressure can be 
checked by disconnecting the cooler inlet hose 
from the cooler inlet tube and installing a 
pressure gauge. 


Perform the pressure test as follows: 


1. Operate the tractor until the hydraulic 


system oil is at mormal operating 
temperature. 

2. Stop the engine and connect the gauge as 
shown in Figure 9. 

3. Start the engine and set the speed at 1000 
rev/min. 

4. Observe the pressure gauge reading. The 


gauge should register approximately 130 
lbf/in? (9 bar) (9.1 kgf/cm7?). If the reading 
is away from specification refer to Page 6, 
Chapter 4, ‘Transmission Trouble 
Shooting Chart’, for possible causes and 
recommended corrective actions. 
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Chapter 4 
TROUBLE SHOOTING, SPECIFICATIONS AND 
SPECIAL TOOLS 


Section 
A. TROUBLE SHOOTING 
B. SPECIFICATIONS 
C. SPECIAL TOOLS 


Page 
1 
11 
16 


A. TROUBLE SHOOTING 


GENERAL 


Essentially, trouble shooting involves locating 
a failure point. The failure can be mechanical or 
hydraulic and many factors can contribute to 
the cause of the failure. Isolation of the 
particular cause or causes involves a 
systematic approach to determine which 
components are functioning properly. 


The most important factor to consider in trans- 
mission system trouble shooting is verification 
of the problem by observing the system 
operation. Therefore, if possible, operate the 
transmission and note the operating 
characteristics and failures. 


As a first step in the trouble shooting 
procedure, several preliminary checks should 
be made. These checks are essential in that 
once performed they need no longer be 
considered as a possible cause of the 
malfunction. 


Check the oil in the transmission/rear axle 
centre housing is of the correct grade and 
quantity, see Page 12, ‘Specifications’. 
Check the hydraulic oil filter has been 
changed and no other failure has occurred 
(e.g. P.T.O. Clutch, Hydraulic System, 
etc.). 


Check for kinked, pinched or leaking 
hydraulic lines. 


Check for external mechanical damage 
such as bent or binding control linkage. 


Check for correct linkage adjustment — 
See Chapter 1. 


Perform the system pressure check — See 
Page 10, ‘‘LOW PRESSURE HYDRAULIC 
SYSTEM — PRESSURE TESTING” — 
Chapter 3. 


Perform the lubrication pressure check — 
See Page 11, “LOW PRESSURE 
HYDRAULIC SYSTEM — PRESSURE 
TESTING” — Chapter 3. 
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Having performed the preliminary checks and 
failing to locate the probable cause of the 
malfunction, compare the operating 
characteristics previously noted with the 
problems listed in the ‘Trouble Shooting Chart’ 


to determine possible cause and corrective 
action. 

For Dual Power transmissions, use the ‘Dual 
Power Trouble Shooting Chart’ with the 
‘Transmission Trouble Shooting Chart’. 


TRANSMISSION TROUBLE SHOOTING CHART 


DUAL 
PROBLEM POSSIBLE CAUSE SPEED|POWER| CORRECTIVE ACTION 


1. Lubricant} 1. Engine crankshaft rear 

leak from oil seal leakage 

split pin in 

trans- 2. Worn or damaged input 

mission shaft oil seal, P.T.O. 

case drive shaft seal, main 

bottom countershaft bearing 
retainer gasket or hub 
support gasket 


3. Worn or damaged 
planetary ring gear oil 
seal, shaft oil seal, 
cover gasket or 
housing gasket. 


4. Pressure and/or lubri- 
cation inlet tube leak- 
ing internally. 


5. Leaking planetary gear 
set control valve spool 


1. Replace rear seal. Refer to 
Part 1, “ENGINE SYSTEM”. 


2. Inspect and replace seals 
and/or gaskets as required. 
Refer to Page 29, ‘““FRONT 
END OVERHAUL” — 
Chapter 1. If the P.T.O. 
drive shaft seal (in the main- 
shaft) is damaged, refer to 
Page 32, ‘‘COMPLETE 
OVERHAUL” — Chapter 1. 


3. Inspect and replace seals 
and/or gaskets as required. 
Refer to Page 6, 
“PLANETARY GEAR SET 
OVERHAUL” — Chapter 2. 


4. Examine the tubes for 
damage or distortion. Repair 
as required. Refer to Page 1, 
“DUAL POWER TRANS- 
MISSION” — Chapter 2. 


5. Inspect the valve spool bore 
for damage or wear. Check 
the valve spool lands for 
scratches, wear and/or 
other damage. Refer to Page 
6, “PLANETARY GEARSET 
OVERHAUL” — Chapter 2. 


8 DUAL 
PROBLEM POSSIBLE CAUSE SPEED|POWER| CORRECTIVE ACTION 


6. Replace the O-ring seals. 


Lubricant 6. Damaged or missing xX 


leak from main countershaft bear- Remove the planetary gear 

split pin in ing retainer O-ring set as outlined on Page 6, 

trans- seals. “PLANETARY GEAR SET 

mission OVERHAUL” — Chapter 2. 

case : 

bottom cues, at ; 

(Continued) 7. Lubrication inlet tube xX 7. Examine the tubes for 
leaking internally, damage or distortion. Check 
damaged or missing the O-rings on the lubri- 
O-rings on lubrication cation supply tube. Refer to 
supply tube. Page 29, “FRONT END 

OVERHAUL” — Chapter 1. 

2. Parking | 1. Damaged exterior link- xX xX 1. Install new parts as needed. 

brake will age or actuating lever. 

not engage 

2. Damaged interior X xX 2. Install new parts as needed. 
linkage. Refer to Page 4, “PARKING 

BRAKE ACTUATOR, ROD 
AND LINKAGE 
ADJUSTMENT” — Chapter 
1. 

3. Damaged high/low fork xX xX 3. Install new high/low fork. 
preventing pawl Refer to Page 22, ‘“REAR 
engagement. END OVERHAUL” — 

Chapter 1. 

4. Damaged parking brake X xX 4. Inspect parking brake pawl 
pawl or teeth on high/ and sliding coupling teeth 
low sliding coupling. for damage. Replace parts 

as required. Refer to Page 
22, “REAR END 
OVERHAUL” — Chapter 1. 

5. Parking brake pawl xX xX 5. Correct as required. Refer 

loose on the shift rail. to Page 22, ‘““REAR END 
OVERHAUL” — Chapter 1. 

6. Improper linkage X xX 6. Adjust linkage. Refer to 

adjustment Page 4, ‘‘PARKING BRAKE 
ACTUATOR, ROD AND 
LINKAGE ADJUSTMENT” 
— Chapter 1. 
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8 DUAL 
PROBLEM POSSIBLE CAUSE SPEED|POWER| CORRECTIVE ACTION 


xX xX 1. Adjust linkage. Refer to 
Page 4, ‘““PARKING BRAKE 
ACTUATOR, ROD AND 
LINKAGE ADJUSTMENT” 
— Chapter 1. 


3. Parking 
brake will 
not remain 
engaged 


. Improper adjustment of 
external linkage 


x X 2. Inspect parking brake pawl 
and sliding coupling for 
damage. Replace parts as 
required. Refer to Page 22, 
“REAR END OVERHAUL” 
— Chapter 1. 


. Damaged parking brake 
pawl or teeth on high/ 
low sliding coupling. 


xX xX 3. Replace actuator spring. 
Refer to Page 4, ‘““PARKING 
BRAKE, ACTUATOR, ROD 
AND LINKAGE | 
ADJUSTMENT” — Chapter 
1. 


. Damaged actuator 
spring. 


. Adjust linkage. Refer to 
Page 14, ‘‘HIGH-LOW 
LEVER AND GEARSHIFT 
LEVER LINKAGE ADJUST- 
MENT’ — Chapter 1. 


4. Failure to 
engage full 
range of 
gears 


1. Improper linkage 


. Inspect and repair as 
required. Refer to Page 8, 
“GEARSHIFT CONTROL 
ASSEMBLY” — Chapter 1. 


. Damage to gearshift 
control assembly. 


. Inspect and repair as 
required. Refer to Page 8, 

“GEARSHIFT COVER AND 
INTERLOCK MECHANISM” 
— Chapter 1. 


. Damage to interlock 
mechanism. 


. Inspect the shift forks for 
excessive wear or distortion. 
Inspect the rail for excessive 
wear or damage. Replace 

parts as required. Refer to 

Page 32, ‘‘COMPLETE 

OVERHAUL” — Chapter 1. 


. Damage to shift forks. 


1. Perform Dual Power system 
pressure check and refer to 
“DUAL POWER TROUBLE 
SHOOTING CHART”, for 
corrective action. 


5. No 
power to 
rear wheels 
in any ratio 


. Low Dual Power 
system pressure in 

direct drive and under- 
drive. 


rrr cecemccarrmrroreaey (> Fh TE anna re pO 


In order to check the symptoms and possible causes of problems 6 through 10, remove the 
transmission cover and tie or fasten the top of the parking brake pawl toward the centre of the 
transmission case to keep the brake disengaged. 


8 DUAL 
PROBLEM POSSIBLE CAUSE SPEED|POWER| CORRECTIVE ACTION 


6. No 1. Rear axle trouble or xX xX . Refer to trouble shooting for 
power to the output shaft is the rear axle assembly if the 
rear wheels broken behind the visible part of the output 

in any ratio output gear. shaft turns. 

and the 
secondary 
counter- 
shaft turns 


2. Damaged splines on the xX Xx . Inspect and replace parts as 
output shaft or in the 
high/low sliding 
coupling or damaged 
dog teeth on the out- 
put shaft gear and the 
main countershaft. 


required. First refer to 

Page 22, ‘““REAR END 
OVERHAUL” — Chapter 1. 
Refer to Page 32, ‘‘COM- 
PLETE OVERHAUL” — 
Chapter 1 for the main 
countershaft. 


3. Damaged secondary xX xX . Same as outlined for 
number 2 above. 


countershaft gear teeth 
and output shaft gear 
teeth. 


7. No 1. Components which X xX . Inspect and replace parts as 
power to connect the mainshaft required. Refer to Page 32, 
rear wheels to the main and the “COMPLETE OVERHAUL” 
and only the | secondary counter- — Chapter 1. 

mainshaft shafts are defective. 

turns 


8. No 1. Defective input shaft or xX xX . Inspect and replace parts as 
power to mainshaft splines. required. Refer to Page 29, 
rear wheels “FRONT END OVERHAUL” 
and the — Chapter 1. 
mainshaft 
does not 
turn 2. Planetary gear set xX . Inspect and replace parts as 
components damaged required. Refer to Page 6, 
or defective. “PLANETARY GEAR SET 
OVERHAUL” — Chapter 2. 
3. Clutch problem. Xx xX . Refer to Page 1, ‘“TROUBLE 


SHOOTING CHART” — 
Chapter 3, Part 4, 
“CLUTCHES” 
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DUAL 
PROBLEM POSSIBLE CAUSE aiees POWER CORRECTIVE ACTION 


9. No 1. Defective ratio power 1. Check the components 
power to flow components involved and repair or 

rear wheels replace as required. Refer to 
in a specific Page 32, ‘“COMPLETE 

gear ratio OVERHAUL” — Chapter 1. 


1. Inspect and replace as 
required. First refer to 
Page 22, ‘“REAR END 
OVERHAUL” — Chapter 1. 
Refer to Page 32, “‘COM- 
PLETE OVERHAUL” — 
Chapter 1, for the main 
countershaft. 


10. Failure 
to engage 
high or low 
range 


1. Defective splines on 
high/low sliding coup- 
lings or dog teeth on 
output shaft gear and 
main countershaft or 
output shaft splines. 


2. Adjust linkage. Refer to 
Page 14, ‘““HIGH-LOW 
LEVER AND GEARSHIFT 
LEVER LINKAGE AD- 
JUSTMENT” — Chapter 1. 


2. Improper adjustment of 
high-low shift lever 
linkage. 


1. Remove low pressure 
hydraulic system regulating 
valve from right hand side of 
transmission. Remove, clean 
and inspect the spring and 
valve spool. Refer to Page 
6, “LOW PRESSURE 
HYDRAULIC SYSTEM” 

— Chapter 3. 


11. Lub- 
rication 
pressure 
too low 


1. Low pressure hydraulic 
lube oil system pressure 
regulating valve spool 
stuck open or spring 
broken or weak. 
Plugged 0.031 in 
(0.79 mm) diameter 
orifice in system 

regulating valve 

spool. 


2. Service oil cooler. Any oil 
cooler repairs should be 

performed by a qualified 

radiator repairman. 


2. Plugged or restricted oil 
cooler. 


1. Remove low pressure 
hydraulic system regulating 
valve from right hand side of 
transmission. Remove, clean 
and inspect the spring and 
valve spool. Refer to page 6, 
“LOW PRESSURE 

HYDRAULIC SYSTEM” — 

Chapter 3. 


12. Lub- 
rication 
pressure too 
high 


1. Low pressure hydraulic 
lube oil system 
pressure regulating 
valve spool stuck 
closed or spring too 
stiff. Plugged orifice in 
regulating valve sleeve 
section. 


DUAL POWER TROUBLE SHOOTING CHART 


Before removing the Planetary Gear Set from the transmission, attempt to isolate the trouble by 
referring to the corrective action for the specific problem listed below. 


PROBLEM POSSIBLE CAUSE CORRECTIVE ACTION 


1. Remove and disassemble 
control valve, Page 11, 
Chapter 2. Check for worn 
or damaged spool. 


1. Dual Power 
system pressure 
too low in direct 
drive only (internal 
leakage) 
(Transmission oil 
pressure warning 
light may 
illuminate) 


1. Leaking valve spool. 


2. Remove control valve body, 
Page 6, Chapter 2. Clean 
surfaces and apply liquid 
gasket. 


Damaged or leaking 
surfaces between control 
valve body and plane- 

tary gear set. 


Remove direct drive clutch, 
Page 6, Chapter 2. Check 
seal rings. 


Cracked, broken or 
worn seal rings on 
direct drive clutch 
housing hub. 


Remove and disassemble 
seals on direct drive direct drive clutch, Page 6, 
clutch piston-inner or Chapter 2. Check piston 
outer. seals. 


Damaged or leaking 


Broken or cracked Remove and disassemble 
direct drive clutch direct drive clutch, Page 6, 
piston. Chapter 2. Check piston. 


Remove andi disassemble 
control valve, Page 11, 

Chapter 2. Check for worn 
or damaged spool. 


2. Dual Power Leaking valve spool. 
system pressure 
too low in under- 
drive only (internal 
leakage) 
(Transmission oil 
pressure warning 
light may 
illuminate) 


Remove control valve body, 
Page 6, Chapter 2. Clean 
surfaces and apply liquid 
gasket. 


Damaged or leaking 
surfaces between control 
valve body and plane- 

tary gear set housing. 


Remove andi disassemble 
underdrive clutch, Page 6, 
Chapter 2. Check piston 
seals. 


Damaged or leaking 
seals on underdrive 
clutch piston-inner or 
outer. 


Remove and disassemble 
underdrive clutch, Page 6, 

Chapter 2. Check for broken 
or cracked piston. 


Broken or cracked 
underdrive clutch 
piston. 
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PROBLEM 


3. Dual Power 
system pressure 
too low in both 
underdrive and 
direct drive 
(Transmission oil 
pressure warning 
light will 
illuminate) 


POSSIBLE CAUSE 


1. 


Low pressure hydraulic 
operating and/or lube 

oil system pressure 
regulating valve spool(s) 
stuck open or spring(s) 
broken or weak. Plugged 
0.031 in (0.79 mm) 
diameter orifice in system 
regulating valve spool. 


Brake priority valve 
spool stuck closed or 
spring too stiff (TW-35 
only). 


Low pressure hydraulic 
system oil pump 
mounting bolts loose or 
rotors worn. 


Low pressure hydraulic 
system oil pump oil 
pick-up tube seal 
damaged. 


Low pressure hydraulic 
system Gerotor pump 
pressure port O-ring 
seal missing or 
damaged. 


Leak in the differential 
lock system. 


Leak in the P.T.O. 
system. 


1. 


CORRECTIVE ACTION 


Remove low pressure 
hydraulic system control 
valve assembly from the 
right hand side of the trans- 
mission. Remove, clean and 
inspect the spring and valve 
spool. Refer to Page 6 
‘“‘LOW PRESSURE 
HYDRAULIC SYSTEM” — 
Chapter 3. 


Same as Outlined in number 
(1) above. 


Separate tractor between 
transmission and centre 
housing. Check pump 
mounting bolts. Remove, 
disassemble and inspect 
pump. Check for worn 
rotors. Refer to Page 22, 
“REAR END OVERHAUL” 
— Chapter 1. 


Separate tractor between 
transmission and centre 
housing. Remove pick-up 
tube from transmission rear 
retainer. Check seal for 
damage. | 


Remove transmission output 
shaft bearing retainer and 
replace seal. Refer to Page 
22, ‘‘REAR END 
OVERHAUL” — Chapter 1. 


Check differential lock 
system pressure. Refer to 
Page 10, ‘‘LOW PRESSURE 
HYDRAULIC SYSTEM” — 
Chapter 3. 


Check the P.T.O. system 
pressure. Refer to Page 10, 
“LOW PRESSURE 
HYDRAULIC SYSTEM” — 
Chapter 3. 
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PROBLEM POSSIBLE CAUSE CORRECTIVE ACTION 


1. Operate tractor to warm oil. 


1. Extremely cold oil in 
rear axle centre housing. 


4. Dual Power 
system pressure 
too high in both 
underdrive and 
direct drive 


Remove low pressure 
hydraulic system regulating 
valve assembly from the 
right hand side of the trans- 
mission. Remove, clean 

and inspect the spring and 
valve spool. Refer to Page 6, 


Low pressure hydraulic 
system pressure regulating 
valve spool stuck 

closed or spring too 

stiff. Plugged 0.043 in 
(1.09 mm) diameter orifice 
located in valve body 


between system pressure “LOW PRESSURE 
regulating valve and HYDRAULIC SYSTEM” — 
lubrication pressure valve Chapter 3. 


spring chambers. 


Low Dual Power 
system pressure in 
direct drive clutch circuit. 


1. See possible causes listed 
with problem 1. 


5. No power to 
rear wheels when 
direct drive 
engaged 
(underdrive 
operative) 


Remove and disassemble 
direct drive clutch, Page 6, 

Chapter 2. Check piston for 
score marks and burrs. 


2. Scored, burred or 
binding direct drive 
piston 


Remove and disassemble 
direct drive clutch, Page 6, 
Chapter 2. Check plates. 


Worn or defective 
direct drive clutch 
plates. 


4. Remove direct drive clutch, 
Page 6, Chapter 2. Check 
snap ring position. 


Direct drive clutch 
pressure plate snap ring 
out of groove or 

broken. 


Remove and disassemble 
direct drive clutch, Page 6, 

Chapter 2. Check for broken 
or damaged pressure plate. 


Damaged or broken 
direct drive clutch 
pressure plate. 


Tees PARTS TRANSMISSION SYSTENS- EEE 


PROBLEM POSSIBLE CAUSE CORRECTIVE ACTION 


1. See possible causes listed 
with problem 2. 


1. Low Dual Power 
system pressure in 
underdrive clutch circuit. 


6. No power to 
rear wheels when 
underdrive 
engaged (direct 
drive operative) 


2. Disassemble underdrive 
clutch, Page 11, Chapter 2. 
Check piston for score 
marks or burrs. 


Scored, burred or 
underdrive clutch 
piston. 


3. Disassemble underdrive 
clutch Page 11, Chapter 2. 
Replace clutch plates. 


Worn or defective 
underdrive clutch 
plates. 


4. Remove cover and ring gear 
from planetary gear set 
housing. Check pressure 
plate snap ring position, 
Page 8, Chapter 2. 


Underdrive clutch 
pressure plate snap ring 
out of groove. 


5. Disassemble underdrive 
clutch, Page 11, Chapter 2. 
Check for broken or 
damaged pressure plate. 


Damaged or broken 
underdrive clutch 
pressure plate. 


1. Refer to possible causes 
listed with problem 3. 


Low Dual Power 
system pressure 


7. No power to 
rear wheels when 
Dual Power 
engaged in direct 
drive or underdrive 


Inspect and replace parts as 
required. Refer to page 6, 
“PLANETARY GEAR SET 
OVERHAUL” — Chapter 2. 


Defective planetary 
gear set ring gear, 
planetary carrier, sun 
gear, shaft or mainshaft 
splines. 


Refer to “TRANSMISSION 
TROUBLE SHOOTING 
CHART”. 


Transmission problem 


Refer to ‘““CLUTCH 
TROUBLE SHOOTING 

CHART” — Page 1, Chapter 
3, Part 4, “CLUTCHES”. 


Clutch problem. 
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PROBLEM POSSIBLE CAUSE CORRECTIVE ACTION 


8. Engine stalls or 1. 


lugs when shifting 
from underdrive to 
direct drive 


9. Engine stalls or 
lugs when shifting 
from direct drive to 
underdrive 


Gearshift Mechanism Bellcrank End Play 


Secondary Countershaft End Play 


Output Shaft End Play 


Output Shaft Pre-Load 


Output Shaft Shims Available 


Main Countershaft Retaining Ring Clearance 


Main Countershaft Thrust Washers Available 


Scored, burred or 
binding underdrive — 
clutch piston. 


Broken or defective 
underdrive piston 
return sping. 


Warped or defective 
underdrive clutch 
plates. 


Scored, burred or bind- 
ing direct drive piston. 


Broken or defective 
direct drive clutch 
piston return spring. 


Warped or defective 
direct drive clutch 
plates. 


1. Disassemble underdrive 
clutch, Page 11, Chapter 2. 
Check piston for score 
marks or burrs. 


2. Disassemble underdrive 
clutch, Page 11, Chapter 2. 
Check piston return spring. 


Disassemble underdrive 
clutch, Page 11, Chapter 2. 
Examine clutch plates. 


Remove and disassemble 
direct drive clutch, Page 9, 
Chapter 2. Check piston for 
score marks or burrs. 


Remove and disassemble 
direct drive clutch, Page 9, 
Chapter 2. Check for broken 
or defective spring. 


Remove and disassemble 
direct drive clutch, Page 9, 
Chapter 2. Examine clutch 
plates. 


B. SPECIFICATIONS 


Nil 


0—0.009 in (O—0.23 mm) 
0.004— 0.028 in (0.1—0.7 mmm) 


O— 10 Ibf.in. (O—1.1 Nm) (O—0.1 Mkg) 
Torque or read directly as O— 12 Ibf. 
(O—53 N) (O—5.4 Kg) 


(a) 
(b) 


(a) 
(b) 
(c) 
(d) 
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0.012—0.014 in (0.30 —0.36 mm) 
0.002— 0.006 in (0.05 —0.15 mm) 


0.0073 —0.0143 in (0.19 —0.36 mm) 


0.091 —0.093 in (2.31 —2.36 mm) 
0.101 —0.103 in (2.57 —2.62 mm) 
0.111—0.113 in (2.82 —2.87 mm) 
0.121 —0.123 in (3.07 —3.12 mm) 
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DUAL POWER TRANSMISSIONS 
Planetary Gear Set Free-Play 0.004—0.020 in (0.10—0.51 mm) 
Planetary Gear Set Free-Play 0.013 in (0.33 mm) 
Shims Available 0.032 in (0.81 mm) 
Planetary Cover to Housing 0.046—0.060 in 
Shimming Gap (1.17—1.52 mm) 
Planetary Gear Set Free-Play Average Planetary Cover Shim Thickness to 
to Housing Gap be added 


Shimming Chart 

0.001 —0.013 in (0.025—0.33 mm) 0.045 in (1.14 mm) 
0.014—0.026 in (0.34—0.66 mm) 0.032 in (0.81 mm) 
0.027 —0.032 in (0.67—0.81 mm) 0.026 in (0.66 mm) 
0.033—0.045 in (0.82— 1.14 mm) 0.013 in (0.33 mm) 
0.046— 0.060 in (1.15— 1.52 mm) None 


Low Pressure Pump 


Type Gerotor 
Capacity 6.7 Imp. galls (8 U.S. galls) (30.3 litres) 


Dual Power System Pressures 


Normal Drive Engaged 185—220 Ibf/in? (12.8— 15.2 bar) 
(13— 15.5 kgf/cm?) 
Power Drive Engaged 185— 220 Ibf/in? (12.8— 15.2 bar) 


(13—15.5 Kgf/cm?) 


Maximum Difference between above 
readings 10 Ibf/in? (0.7 bar) (0.7 kgf/cm?) 


Lubrication System Pressure 120 Ibf/in? (8.3 bar) (8.4 kgf/cm7?) 


TRANSMISSION AND REAR AXLE OIL CAPACITY 


he ae FORD TW-5 | FORD TW-15|FORD TW-25| FORD TW-35 


Imp. Ots 60.6 60.6 60.6 
U.S. Ots 
Litres | 


Less Dual Power 


With Dual Power 


LUBRICANTS 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 
Operators Manual. 
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TORQUE SPECIFICATIONS 


Transmission Cover-to-Case Bolts 32 43 4.4 
Gearshift Cover-to-Case Bolts 32 43 4.4 
Interlock Shift Finger-to-Shaft Bolt 23 31 3.2 
Gearshift Arm-to-Control Shaft Bolt 23 31 3.2 
Gearshift Control Shaft Support to Cover Bolts 32 43 4.4 
High/Low Lever-to-Shaft Bolt 23 31 3.2 
Gearshift Mechanism Support Brace Bolts 23 31 3.2 
Gearshift Bellcrank Support Pin Bolt 6 8.1 0.8 
Bellcrank Trunnion Bolt 12 16 7 
Universal Connector Nut 23 31 3.2 
Universal Connector Bolt 23 31 3.2 
Gearshift Support Plate Bolts 13 18 1.8 
Gearshift Lever Clamp Bolts 57 77 7.9 
High/Low Lever Clamp Bolt 57 77 7.9 
Reverse Idler Shaft Retaining Bolt 15 20 2.1 
Secondary Countershaft Bearing Retainer Bolts 32 43 4.4 
Output Shaft Bearing Retainer Bolts 32 43 4.4. 
Main Countershaft Bearing Retainer Bolts 32 43 4.4 
Hub Support Bolts 49 66 6.8 
High/Low Shift Fork Lock Screw Nut 26 35 3.6 
Lubrication Manifold Retaining Bolts 49 66 6.8 
Planetary Gear Set Housing-to- Transmission Bolts 77 

Planetary Gear Set Control Valve Solenoid Nut 4 

Planetary Gear Set Control Valve-to-Housing Bolts 32 

Planetary Gear Set Control Valve Spool Plug 28 

Lubrication Tube Connector 8 

Dual Power Pressure Line Control Tube Connector 8 

Low Pressure Pump Assembly to Retainer Bolts 25 

Planetary Gear Set Cover-to-Housing Bolts 32 
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TRANSMISSION 
GEAR RATIOS AND ROAD SPEEDS 


FORD TW-5, TW-15, TW-25 AND TW-35 LESS DUAL POWER 
(18.4/15—38 Rear Tyres) 


Engine Speed (rev/min) | 


NOTE: Certain countries have a maximum speed restriction of 25 Kph. To comply with this 
restriction, eighth gear is not obtainable. 
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TRANSMISSION 
GEAR RATIOS AND ROAD SPEEDS 


FORD TW-5, TW-15, TW-25 AND TW-35 WITH DUAL POWER 
(18.4/15—38 Rear Tyres) 


Dual ain Trans: over | 1500 | oe | 
mission |Mph | Kph | Mph | Kph | Mph | Kph | Mph | 


Normal 


Power 

Normal , 
NOTE: Certain countries have a maximum speed restriction of 25 Kph. To comply with this 
restriction, eighth gear is not obtainable. 


| Kph | 

1 2.0 3.1 

1 2.5 4.0 

Power 2 3.0 4.8 
Power 3 3.8 6.1 
Normal 2 3.9 6.2 
Normal 3 4.9 7.8 
Power 4 5.1 8.1 
Power 5 5.9 9.4 
Normal 4 6.5 | 10.5 
Normal 5 7.5 | 12.1 
Power 6 9.1 | 14.6 
Power 7 11.4 | 18.4 
Normal 6 11.7 | 18.8 
Normal 7 14.7 | 23.6 
Power 8 15.2 | 24.5 
Normal 8 20.0 | 31.5 
Power LR 2.1 3.4 
LR 4.4 

HR 10.2 

HR 13.1 


For rear tyres of a different size, multiply the road speeds shown in the charts by the conversion 
factors as follows: 


18.4/15—34 
20.8—38 


23.1/18—34 
25.4—32 
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C. SPECIAL TOOLS 


(Prior Tool Numbers, where applicable, shown in brackets) 


V. L. CHURCHILL NUDAY 
DESCRIPTION TOOL NO. TOOL NO. 


Shaft Protectors 
Step Plates 
Step Plates 
P.T.O. Clutch Spring Compressor 
Puller Legs 
Puller 
Internal/External Pulling Attachment 
Slide Hammer 
Pulling Attachment 
Small 
Large 
Puller 
Medium 
Small 
Spacer Gauge— Dual Power 
Planetary Shaft Puller 
Pipe Fitting — Male 


Pipe Fitting — Male 


Hose and Fitting Assembly 


Pressure Gauge 
Pulling Plate 


Bearing Plate 


Bearing Plate 


625A 

630S 

630T 
FT.4101 (N-775) 

930B 


938 


951 


952 


1002 
1003 
FT.5000 (SW 523) 
FT .5004 


FT.8524A 


FT.4100 
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9212 (625A) 
9210 (630S) 
9211 (630T) 
1312 (N-775) 
9521 (930B) 
9506 (938) 
9507 (943) 


9567 (943S) 


9190 (951) 


9526 (952) 


9198 (1002) 
9516 (1003) 
1303 (SW 523) 
4721 
0700 (D-1) 
0707 (D-4) 
2106 (D-19-HP) 
2027 (D-21) 
2757 (970-2) 
9570 (976-1) 


(976-4) 
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Chapter 5 


ULTRA—COMMAND™ POWERSHIFT TRANSMISSION 
FORD 8630, 8730 and 8830 


Section Page 

A. TRANSMISSION — DESCRIPTION AND OPERATION 1 
B. OPERATING CONTROLS — DESCRIPTION AND OPERATION 16 
C. HYDRAULIC CONTROL VALVE — DESCRIPTION AND OPERATION 20 
D. ELECTRONIC MANAGEMENT SYSTEM - DESCRIPTION 

AND OPERATION 25 
E. TRANSMISSION — OVERHAUL 31 
F. OPERATING CONTROLS — OVERHAUL 54 
G. HYDRAULIC CONTROL VALVE — OVERHAUL 62 
H. ELECTRONIC MANAGEMENT SYSTEM —OVERHAUL 71 


A. TRANSMISSION — DESCRIPTION AND OPERATION 


The ULTRA-COMMAND™ _ Powershift 
Transmission is an 18 forward speed and 9 
reverse speed hydro—mechanical trans— 
mission with electronic management. The 
term “powershift” refers to the feature of the 
transmission that allows gear changing, or 
shifting, to be performed without interruption 
of the power delivery to the wheels. 


Eighteen forward speeds are achieved by us- 
ing a constant mesh system of high quality 
carburized straight cut gears. Power flow se- 
lection is made possible by multi-plate wet 
clutches engaged hydraulically using an elec- 
tronic control system. Figure 1 shows a cut-— 
away view of the mechanical aspect of the 
transmission. 


Transmission Housing 

With reference to Figure 1, the housing is cast 
in three major parts, a front housing, a centre 
section and a rear housing. Access to the 


internal components is only possible by 
separating the rear housing from the centre 
section, and then removing the centre section 
from the front housing. The transmission must 
be completely removed from the tractor for all 
disassembly procedures involving the 
internal components. 


The front housing contains the primary speed 
components that provide the first 9 speeds in 
their initial stages. In addition, it provides 
support on its forward face for the front 
bearings of these components. The centre 


’ section provides support for the rear bearings 


of these components and has attached to it 
the main hydraulic control valve housing. 
This centre section also acts as the oil circuit 
distributor. All circuits are drilled and routed to 
the various components through this item. 
Additionally, the forward bearings of the 
components in the rear housing are 
supported by this centre section. The rear 
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Figure 1 
Mechanical Components of the powershift Transmission 


Hydraulic Control Valve 
Sectioned Directional Clutch 
(one of three single clutches) 
Hydraulic Pump 

Rear Housing 


1. Front Housing 
2. Main Input and Drive Gear 
3.. Sectioned Speed Clutch Assembly 
(one of three paired clutches) 
4. Centre Section 
housing contains the components providing 
speeds 10 to 18 and reverse speeds. This 
housing also provides support for the rear 


bearings of these components. 


The transmission housings together with the 
rear axle centre housing form a common oil 
reservotr. 


Clutches 


Nine multi-plate clutches are used in 
conjunction with twenty two gears. The 
clutches can be divided into two groups. The 
first group, consists of six clutches positioned 
in the transmission front housing; the second 
group of 3 clutches are positioned in the 
transmission rear housing. 


The first group of clutches are termed “speed” 
clutches and control the selection of the first 


ON OO 


nine ratios. The clutches provide the early 
stages of engine speed reduction. The 
second group of clutches are termed 
“directional” clutches and working with the 
speed clutches, provide a further two stages 
of engine speed reduction to the required final 
output level and additionally provide reverse 
direction. 


Illustrated in Figure 2 is a sectional view of a 
speed clutch assembly. In fact, two speed 
clutches are shown sharing a common centre 
shaft. This illustration is representative of all 
six speed clutches in that they are all paired 
and share common shafts. The only 
differences in these three pairs of speed 
clutches are the centre shaft of one of them 
and the number of gear teeth and hub shape 
of the related gears. 


caine 
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Figure 2 
Speed Clutch Assembly — Sectional View 


PSA-2 
1. Shaft Support Bearing 6. Belleville Washers 
2. Snap Ring 7. Clutch Plates 
3. Sealing Rings 8. Piston Protective Washer 
4. End Gear 9. Snap Ring 
5. Snap Ring and Retainer 


The main shaft has a central gear that is 
precision welded to it. This weldment also 
provides the housings for the two multi-plate 
clutches. At each end of the main shaft are 
two free running gears, both supported by two 
ball bearings. The complete assembly is 
carried by a roller bearing at one end anda 
ball bearing at the other. 


All of the six speed clutches are identical. Six 
internally splined, composition friction plates 
are carried on the hub of the end gears, and 
six polished steel plates are externally splined 
and carried by the central housing. The 
clutches are hydraulically applied and spring 
released. The spring medium is provided by 
four belleville washers in each clutch. As the 
clutches are hydraulically applied there is 
automatic compensation for normal wear, 
eliminating any need for adjustment. 


When the clutches are applied, the respective 
end gear is locked to the shaft, and power can 
be transmitted from the end gear to the centre 
gear, or vice versa. When both clutches are 
actuated power can be transmitted from end 
gear to end gear. 


10. End Gear 14. Piston Seal 
11. Washer 15. Piston Seal 
12. Snap Ring 16. Retainer Plate 
13. Piston — 17. Shaft 


The speed clutch assemblies each receive 
three separate oil supplies. A supply for each 
of the two clutch actuation circuits and one 
common supply for lubrication and cooling of 
the two clutch assemblies, the bearings of the 
two main gears, and the two support shaft 
bearings. 


The three oil supplies are controlled by an 
electronically managed hydraulic control 
valve mounted externally on the right hand 
side of the centre section of the three piece 
main casing. Details of the hydraulic control 
valve and the electronic management system 
are covered in Sections C and D respectively. 
Internal drillings in the housing centre section 
route the oil supplies to the ends of the three 
pairs of speed ciutches. Bronze impregnated 
teflon sealing rings are positioned in annular 
grooves on the shaft ends. Oil for clutch 
actuation is fed between these sealed 
grooves from the drillings in the centre 
section. The centre section’ carries 
serviceable steel sleeves should wear occur 
in this oil transfer area. The third oil supply for 
lubrication and cooling enters the end of the 
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13. Snap Ring 
14. Retainer Plate 


9. Piston Seal 


11. Piston Seal 
12. Clutch Plates 


PSA-3 
Figure 3 
Directional Clutch Assembly — Sectional View 
1. Shaft Support Bearing 5. Belleville Washers 
2. Snap Ring 6. Piston Protective Washer 10. Piston 
3. End Gear 7. Shaft and Gear 
4. Snap Ring and Retainer 8. Sealing Rings 


shaft from a similar drilling in the centre 
section. 


Oil is transferred along the centre of the shaft 
through axial drillings and meets cross 
drillings connecting with the clutch piston 
chambers. 


Oil entering the piston chamber at ‘A’ acts on 
the surface area of the piston, which is sealed 
to the central housing and the shaft by sealing 
rings, and moves the piston against the force 
of the four belleville washers. The polished 
steel plates that are externally splined to the 
central housing, are then compressed 
against the composite friction plates which 
are internally splined to the end gears. Power 
can be transmitted between the central gear 
to the end gear, or vice-versa, depending on 
which speed is selected. Note that for some 
speeds both clutches within a speed clutch 
assembly may be engaged transferring 
power from one end gear to the other end 
gear. When the electronically managed 
control valve signals release of a clutch, the 
belleville springs return the piston to its 
Original position, sending the exhausted oil 
back to the control valve and releasing the 


friction between the two sets of plates. The 
rate and amount of pressure supplied to and 
released from the clutch is controlled by the 
electronic management system and provides 
smooth, progressive, and timely clutch 
engagements 


Lubrication and cooling oil, entering the shaft 
at its end face, is allowed to exit the shaft at 
various lateral drillings, all carefully 
positioned to ensure all components are 
thoroughly lubricated and cooled. 


The directional clutches F1 and F2 for forward 
speeds and R for reverse speeds are much 
heavier in construction compared with the 
speed clutches and are typified in section in 
Figure 3. These directional clutches are 
operating at slower’ revolutions and 
consequently are carrying higher torque 
loads. All three directional clutches are similar 
to each other but differ to the speed clutches 
in that there is only one clutch system in each 
directional clutch assembly. 


The directional clutch assemblies each have 
a gear precision welded to the centre shaft 
and a second free running gear which can be 
connected to the shaft and its gear by the 
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Figure 4 
Clutch and Gear Assemblies in Front and Rear Housings — Identified in Diagrammatic Format 


Directional Clutches and Gears in Rear Housing. 
Reverse Directional Clutch 

Directional Clutch F2 

Two Gear Cluster in Front Housing 

Speed Clutch Letter A 

Speed Clutch No. 2 

Input Gear 

Speed Clutch and Gears in Front Housing 
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clutch. The second gear is supported by two 
ball bearings mounted on the common shaft. 
Each directional clutch is similar, only the 
number of teeth on the respective gears and 
the hub design differing. 


Like the speed clutches, the directional 
clutches receive oil supplies from the 
electronically managed control valve, but they 
only receive two supplies, one supply for the 
actual clutch operation and the second for 
lubrication and cooling. Application of the 
clutch and oil routing in principle is identical to 
the speed clutches, oil being channelled from 
the control valve through the transmission 
housing centre section to the ends of the 
directional clutch assemblies. Each 
directional clutch, because of its heavier duty, 


features 


9. Speed Clutch No. 3 

10. Speed Clutch No. 1 

11. Speed Clutch Letter C 

12. Speed Clutch Letter B 

13. Directional Clutch F1 

14. Two Gear Cluster in Rear Housing 
15. Transfer Gear and Shaft 


fourteen composition — internally 
splined friction plates and fourteen polished 
steel externally splined plates. The plates, 
pistons, snap rings, and seals are all common 
between both speed clutches and directional 
clutches, although the number of plates is 
increased to fourteen, and the number of 
belleville spring washers increased to eight. 


The centre shaft of directional clutch F2 is 
utilised as the main output shaft for all 18 
forward and 9 reverse speeds. However, the 
clutch is only engaged for the forward speeds 
10 — 18. 


Thirty-nine ball and roller bearings are used 
in the transmission but are covered by only 
sixteen different part numbers. 
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Figure 5 
Power Flow in Front Housing for 1st. Speed — Speed Clutches 1 and A Applied 


Power Flows 


The following power flows are described in 
three stages commensurate with the actual 


sequence within the transmission. Figure 4 


shows the complete transmission gear and 
clutch system in diagrammatic format. When 
compared with Figure 1, it can be seen that 
the diagrammatic format has unfolded the 
various meshing components. The 
highlighted connecting indicators, featured in 
Figure 4, denote that these gears are in mesh. 
Figures 5—13 illustrate the power flows for 
speeds 1-9 involving the speed clutches 
positioned in the front housing. Although 
these speed clutches create the first 9 
speeds, they are not at final output level until 
they have been transferred through the rear 
housing components. It is important to note 
that for explanation reasons the six speed 
clutches must be identified and as such are 
shown in Figures 4—13. identification 1, 2 and 
3, and A, B and C being given. Note that 1 is 


paired with C, 2 is paired with A, and 3 is 
paired with B. 


Forward Speeds 1-9 (initial stage) 


1st Speed— Clutch 1 and Clutch A applied 
Figure 5 

Engine output enters the transmission front 
housing via the connecting shaft which is 
cushioned damped at the engine flywheel, 


- and splined to the input gear. This gear 


rotates whenever the engine is running. 


Clutch 2/A assembly end gear meshing with 


the input gear is running freely and has no 
effect. Clutch 1 end gear, which is. in mesh 
with the input gear, is locked to the speed 
clutch shaft because clutch 1 is applied. 
Power is transmitted to the shaft of this speed 
clutch assembly and transferred via the 
central gear to the central gear of the speed 
clutch 3/B. Neither clutch 3 or B is applied but 
the central gear of this speed clutch is 
meshing with the central gear of speed clutch 
2/A. Clutch A is applied and locking the end 
gear to the shaft. Power is thus transferred to 


Figure 6 
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ll 
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Power Flow in Front Housing for 2nd. Speed — Speed Clutches 2 and A Applied 


the front gear of the two gears on the front 
housing output shaft, which transfers the 
power flow to the rear housing components. 


Gear ratio is:— 65/42 x 71/71 x 71/71 x 56/40 = 
2.167 


2nd- Speed Clutch 2 and Clutch A applied 
Figure 6 

Power flows from the input gear to speed 
clutch assembly 2/A. Clutch 2 and clutch A 
are applied, and consequently power flows 
from one end gear to the other, and drives the 
front gear of the output to the rear housing. 


Gear ratio is:— 55/42 x 56/40 = 1.833 


3rd Speed- Clutch 3 and Clutch A applied 
Figure 7 

Power flows from the input gear to the end 
gear of speed clutch assembly 1/C. The end 
gear is in mesh with the end gear of speed 
clutch assembly 3/B. Clutch 3 is applied and 
locks the end gear to the central gear, which in 


turn drives the central gear of speed clutch 
assembly 2/A. Clutch A is applied which locks 
the end gear to the central gear and power is 
transferred to the front gear on the output to 
the rear housing. 


- Gear ratio is:— 65/42 x 47/65 x 71/71 x 56/40 = 


1.567 
4th Speed — Clutch 1 and Clutch B applied 


Figure 8 


Power flows from the input gear to the end 
gear of speed clutch assembly 1/C. As clutch 
1 is applied power is transferred to the central 
gear. Speed clutch assembly 1/C central 
gear is in mesh with the central gear of speed 
clutch assembly 3/B. Clutch B is applied and 
power is transferred to the end gear. This end 
gear is in mesh with the end gear of speed 
clutch assembly 1/C, which in turn meshes 
with the rear gear on the output shaft to the 
rear housing. 


Gear ratio is:— 65/42 x 71/71 x 70/43 x 38/70 = 
1.368 


PART 5 — TRANSMISSION SYSTEMS 


i 


<s 


| 


JF 
= = 
Sia: Si # | 
« = 
= = = x4 
= = 
'e | 
“iw 
a 
= = = 
=e 
a 
— R on ; “ 
——— -_ — 
sys 
clan 
O ED 
: : 
» = az o 
~ = r panes pom 
. = 4 = 
4 
J = —— 
=' = 
4 *.1 i 
20 = 
2 = we. 
i = 
Faas = 
=r —— 
—t nd 
J 
o 


AL, 


WS Oy 


Figure 7 
Power Flow in Front Housing for 3rd. Speed — Speed Clutches 3 and A Applied 


5th Speed — Clutch 2 and Clutch B applied 
Figure 9 


Power flows from the input gear to the end 
gear of speed clutch assembly 2/A. Clutch 2 is 
applied and power is transmitted via the cen- 
tral gear to the central gear of speed clutch 
assembly 3/B. Clutch B is applied and power 
flows from the end gear to the end gear of 
speed clutch assembly 1/C. This end gear is 
in mesh with the rear gear on the output shaft 
to the rear housing. 


Gear ratio is:— 55/42 x 71/71 x 70/43 x 38/70 = 
oY 


6th Speed — Clutch 3 and Clutch B applied 
Figure 10 


Power flows from the input gear to the end 
gear of speed clutch assembly 1/C which is in 
mesh with the end gear of speed clutch as- 
sembly 3/B. Both clutch 3 and clutch B are ap- 
plied and power flows from the opposite end 


gear to the end gear of speed clutch assembly 
1/C. This gear in turn meshes with the rear 
gear on the output shaft to the rear housing. 


Gear ratio is:— 65/42 x 47/65 x 70/43 x 38/70 = 


0.989 


7th Speed — Clutch 1 and Clutch C applied 
Figure 11 


Power flows from the input gear to the end 
gear of speed clutch 1/C. As both clutches of 
this assembly are applied, power is directly 
transferred to the opposite end gear which is 
in mesh with the rear gear on the output shaft 
to the rear housing. 


Gear ratio is 65/42 x 38/70 = 0.840 


8th Speed — Clutch 2 and Clutch C applied 
Figure 12 

Power flows from the input gear to the end 
gear of speed clutch assembly 2/A. As clutch 
2 is applied the power flow is transferred to the 
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Power Flow in Front Housing for 4th. Speed 


B Applied 


Clutches 1 and 


Pb. veppergoenpeyg ey Ul 


| fac ii 
pk vit 


: i a 


72 — 
f 


d 


Speed Clutches 2 and B Applie 


Figure 9 


Power Flow in Front Housing for 5th. Speed 
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Figure 10 
Power Flow in Front Housing for 6th. Speed — Speed Clutches 3 and B Applied 
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Figure 11 


Power Flow in Front Housing for 7th. Speed 
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Figure 12 
Power Flow in Front Housing for 8th. Speed — Speed Clutches 2 and C Applied 
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Figure 13 
Power Flow in Front Housing for 9th. Speed — Speed Clutches 3 and C Applied 


11 


ous PART 5 — TRANSMISSION SYSTEMS 


central gear of speed clutch 3/B and on to the 
central gear of speed clutch 1/C. Clutch C is 
applied and power is transferred to the end 
gear. This end gear is in mesh with the rear 
gear on the output shaft to the rear housing. 


Gear ratio is:— 55/42 x 71/71 x 71/71 x 38/70 = 
Det 


9th Speed — Clutch 3 and Clutch C applied 
Figure 13 

Power flows from the input gear to the end 
gear of speed clutch assembly 1/C and trans- 
ferred to the end gear of speed clutch assem- 
bly 3/B. Clutch 3 is applied and consequently 
power is transferred from the central gear to 

the central gear of speed clutch 1/C. Clutch C 

is applied, thereby transferring power to the 

end gear. This end gear is in mesh with the 

rear gear on the output shaft to the rear hous- 


ing. 


Gear ratio is 65/42 x 47/65 x 71/71 x 38/70 
= 0.607 


La || 


7. 
0 
rppoaaas 


i 


i | 


Pye Td) | “A 


Tl Aba ca 


2 Gone Gone Gone 


1 lit 


ll 


vit 


(Ul 


Figure 14 


Forward Speeds 1-9 (second stage) Fig- 
ure 14 

The forward clutches positioned in the rear 
housing provide the final stages of gearing. 
These components modify the incoming input 
from the speed clutches in the front housing. 
The following power flow describes and com- 
pletes the speeds 1—9 using the directional 
clutch F1. 


Each of the first nine speeds follow the same 
power flow path through the rear housing. 
Power is transferred to the rear housing, 
along the centre two gear cluster shaft to the 
rear gear. This gear is in mesh with the larger 
gear of asecond two gear cluster. The smaller 
gear of this cluster is in mesh with the driven 
gear of directional clutch F1. This clutch is ap- 
plied, locking the front gear to the shaft. In 
mesh with this gear is the driven gear of direc- 
tional clutch F2, which also acts as the main 
output shaft. Directional clutch F2 is not ap- 
plied for speeds 1-9. Nor is directional clutch 
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Power Flow in Rear Housing for 1st.— 9th. Speeds — Directional Clutch F1 Applied 
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R applied for reverse speeds, but is in mesh 
with the driven gear of directional clutch F2. 
Directional clutches F2 and R have no effect 
for these first nine speeds. The following gear 
ratio is added to complete the overall ratio for 
each of these first nine speeds. 


64/40 x 60/29 x 72/41 = 5.813 


Forward Speeds 10—18 Figure 15 


Directional clutch F2 is now applied, but direc- 
tional clutches F1 and R are released. Each of 
the incoming 1—9 speed power flows are di- 
rected from the rear gear of the centre two 
gear cluster to the rear gear of the directional 
clutch F2. The clutch is applied locking the 
gear to the shaft which is also the main out put 
shaft. The following gear ratio, is added to the 
original 1-9 speeds generated in the front 
housing by the speed clutches, to complete 
the forward speeds 10-18. 

56/40 = 1.4 
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Reverse Speeds Figure 16 


Nine reverse speeds are provided, again 
using the nine initial soeeds generated in the 
front housing by the speed clutches. The 
reverse speeds are designed to correspond 
to forward speeds 4—12 and by ratio are within 
2% of the corresponding forward speeds. 
Accordingly reverse speeds are designated 
R4-R12. 


Power is transferred to the rear housing, 
along the centre, two gear, cluster shaft. The 
forward smaller gear of this shaft is in mesh 
with the driven gear of directional clutch R. 
The clutch is applied, locking the end gear to 
the shaft and driven gear. Power flows from 
this end gear to the driven gear of the output 
shaft. 


The following gear ratio is added to the nine 
speeds generated by the speed clutches and 


Figure 15 
Power Flow in Rear Housing for 10th.-— 18th. Speeds — Directional Clutch F2 Applied 
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Figure 16 
Power Flow in Rear Housing for Reverse Speeds 4th. — 12th. — Directional Clutch REV Applied 


completes the overall ratios, but in the reverse 
mode. 
60/29 x 72/41 = 3.633 


Power Take Off Figure 17 


The power take off (P.T.O.) facility comprises 
a central shaft running the full length of the 
transmission. The shaft is splined into the 
continuously running input gear, situated in 
the front housing. The shaft is supported at 
the front by the input gear and at the rear by a 
single ball bearing. The shaft also drives the 
hydraulic pump as described in the following 
paragraph. The splined output end of the 
shaft engages with the P.T.O. clutch pack 
components situated in the rear transmission 
(or axle) centre housing. 


Pump 


The hydraulic pump is a gerotor type, driven 
by the continuously running P.T.O. shaft that 
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passes centrally through the transmission.. 
The pump draws its oil from the common front 
and rear transmission housing reservoir, hav- 
ing a pick up point in the four wheel drive 


transfer gear assembly housing, or, in the 


case of two wheel drive tractors, the parking 
brake component housing. The pump passes 
all oil through an external spin—on type filter 
which is equipped with an electrically indi- 
cated restriction by-pass system. The oil flow 
is then directed to the main hydraulic control 
valve and to the external cooler. Full details of 
the function of the cooler are covered in Sec- 
tion C. 


Cooler 


An external heat exchanger or cooler is posi- 
tioned in front of the engine radiator. The 
cooler receives a portion of the transmission 
hydraulic oil flow, cooling this portion of the oil 
before it is supplied to the speed and direc- 
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Figure 17 


Power Flow to P.T.O. 


1. Spline Driving Pump Rotor 3. 
2. Spline to Engage PTO Clutch Pack 4, 


Shaft through Front and Rear Housings 


PTO Shaft 
Main Input Gear with 


5. Engine Drive Splined to Input Gear 


PTO Shaft Splined to Inner Bore 


tional clutch assemblies for lubrication and 
cooling purposes. 


Speed Control, Inching Pedal and Elec- 
tronic Management System 


A single lever control is ergonomically posi- 
tioned to the right side of the operator, in front 
of the tractor hydraulic and P.T.O. control 
console. This single lever controls selection of 
all speeds for both forward and reverse, and 
is complimented with a visual display unit 
(VDU) to indicate the selected speed, and the 
directional mode. The display can also be 
used to indicate diagnostic repair codes in the 
unlikely event of a fault occurring. 


The lever is electrically coupled to the trans- 
mission hydraulic control valve via an elec- 
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tronic management system. A foot pedal is 
positioned in the area normally occupied by 
the clutch pedal on a conventional transmis- 
sion. This pedal is correctly described as an 
inching pedal, and serves to interrupt the 
power output through the directional clutches. 
As its description suggests, the pedal func- 
tions to assist precise traction control when 
for example hitching implements or precisely 
positioning the tractor in confined spaces. 
Use of the inching pedal is unnecessary when 
making normal speed changes, or even direc- 
tional changes. 


Full details of the control lever, inching pedal, 
and management system are given in Sec- 
tions B and D respectively. Section C gives 
full operational description of the hydraulic 
control valve. 
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B. OPERATING CONTROLS — DESCRIPTION AND OPERATION 


The operating controls consist of a single 
Speed Control Lever and an Inching Pedal 
coupled electronically to the transmission hy- 
draulic control valve via an electronic man- 
agement system employing, a micro proces- 
sor. Full details of the electronic management 
system are given in Section D. 


The Speed Control Lever allows all 18 for- 
ward speeds and all 9 reverse speeds to be 
selected without the use of conventional lev- 
ers and range selection levers. The lever 
moves through a three legged gate activating 
miniature reed switches, requiring extremely 
low effort. 


The complete assembly is dust proofed and 
housed in its own ergonomically designed 
console, Figure 1. Alongside the lever is a liq- 
uid crystal display (LCD) which indicates 
which speed is selected. This LCD also pro- 
vides diagnostic information to assist Servic- 
ing, should in the unlikely event, a fault dev- 
elop in the system. The display can also be 
used to programme shuttle shifts where auto- 
matic programming of the control can be 
made to allow a reverse speed to be selected 
which can be up to either 3 speeds higher or 3 
speeds lower than the originally selected for- 
ward speed. 


Inadvertent lever movements, from neutral to 
forward or reverse, are prevented by the use 
of a neutral interlock consisting of a spring 
loaded collar that must be lifted before the 
lever can be moved. 


The inching pedal replaces the conventional 
clutch pedal but maintains the same function 
when positioning the tractor in confined 
spaces or attaching implements. Its use is un- 
necessary when making speed selections. 


The pedal actuates two electrical compo- 
nents, along life potentiometer or variable re- 
sistor, and an open or shut switch. Both these 
components are detailed in Section D. There 
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Figure 1 
Speed Control Lever 
1. Speed Control Lever 3. Neutral Lock Collar 
2. Liquid Crystal Display 


is no mechanical connection between the 
pedal and the transmission 


Speed Control Lever Operation 


The Speed Control Lever, Figure 1, is used to 
select forward or reverse travel and to change 
transmission speeds. Move the lever forward 
for forward travel and rearward for reverse 
travel. 


NOTE: A neutral lock device is fitted. The 
Speed Control Lever may only be moved to 
the forward or reverse positions if the neutral 
lock collar under the control lever is raised. 
Neutral may be selected without the need to 
lift the neutral lock collar. 


The Speed Control Lever is also used to make 
instantaneous upward or downward speed 
changes. Nudge the lever to the right for up- 
ward changes and to the left for downward 
changes. In this context, ‘nudge’ means move 
the lever and then release. 


Several consecutive speed changes may be 
made, either by nudging the lever several 
times, or by holding the lever to the left or right 
and allowing the transmission to run through 
the speeds automatically. 


Digital Display 


The main function of the LCD is to inform 
which speed is selected and whether the 
transmission is in forward (F), neutral (N) or 
reverse (R). 


A secondary function of the digital display is 
that in the unlikely event of a fault occurring in 
the system, it will show a diagnostic repair 
code such as U2, A11, C5, etc. Should this 
happen, the operator can contact his dealer, 
quoting the diagnostic code displayed. 


Inching Pedal 


The inching pedal is installed in place of the 
clutch pedal found on tractors with conven- 
tional transmissions. The inching pedal oper- 
ates like a clutch, for safe accurate positioning 
of the tractor when hitching up to implements 
or operating in confined spaces, etc. 


The inching pedal may also be used to auto- 
matically select a speed ratio to match load, 
engine speed, and road conditions. 


To stop the tractor in an emergency, depress 
the inching pedal and apply the foot brakes to- 
gether. 


The inching pedal is not required for normal 
speed changes. 


Starting the Engine and Moving Forward 


There are two methods: 


1. Start the engine with the main control 
lever in neutral (the digital display will show 
‘N7’). Nudge or hold the control lever to the 
right and allow the transmission to select any 
speed between 7th. and 12th. as shown in the 
display. (12th. speed is the highest available 
speed for moving from a standstill). Alterna- 
tively, nudge or hold the control lever to the 
left and allow the display to change sequen- 
tially from 7th. down to 1st. 


Increase engine speed, as required, by 
means of the throttle. Lift the neutral lock col- 
lar and move the control lever forward for 
smooth forward motion. To increase tractor 
speed, open the throttle further and/or con- 
tinue to nudge or hold the control lever to the 
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right to select a higher speed. To decrease 
speed, close the throttle and/or nudge or hold 
the control lever to the left to select a lower 
speed. 


2. Alternatively, with the engine running, lift 
the neutral lock collar and move the control 
lever forwards (the digital display will show 
‘F7’ and the tractor will start to move forward). 
Increase engine speed and/or nudge or hold 
the lever to the right and allow the transmis- 
sion to run through the speeds until the de- 
sired operating speed is achieved. 


To further increase tractor speed, open the 
throttle more and/or continue to nudge or hold 
the control lever to the right to select a higher 
speed. To decrease speed, close the throttle 
and/or nudge or hold the control lever to the 
left to select a lower speed. 


WARNING: Never move the 

Speed Control Lever to neutral when 
travelling at high speeds. This could allow the 
transmission to speed match and it may not 
be possible to reselect the original ratio, par- 
ticularly if traveling down a steep gradient. In 
any event, actions such as coasting should 
never be practiced for safety reasons. 


IMPORTANT: A tractor fitted with the power- 
shift transmission should not be towed other 
than to remove it from the field or onto a 
transporter. Do not attempt to tow start the 
tractor. 


Starting the Engine and Moving in Reverse 


As with forward travel there are two methods: 


1. Start the engine with the Speed Control 
Lever in neutral (the digital display will show 
‘N7’, provided the transmission has not been 
pre-programmed — see Programming Re- 
verse Speeds later in this description). Nudge 
or hold the control lever to the right and allow 
the transmission to select any speed between 
oth. and 12th. as shown in the display. Nudge 
the lever to the left to select 6th, 5th or 4th. 


NOTE: There are nine reverse speeds, the 
lowest shown as *R4” on the digital display, 
the highest being shown as *R12”. They are 
numbered "R4” to ’R12” as the ground 
speeds correspond to the forward speeds 
"F4” to *F12”. 


With a speed selected, lift the neutral lock col- 
lar and move the Speed Control Lever rear- 
ward for smooth reverse travel. To increase 
speed, open the throttle further and/or con- 
tinue to nudge or hold the Speed Control 
Lever to the right to select a higher speed. To 
decrease speed, close the throttle and/or 
nudge or hold the Speed Control Lever to the 
left to select a lower speed. 


2. Alternatively, with the engine running, lift 
the neutral lock collar and move the Speed 
Control Lever rearward for smooth rearward 
travel. The digital display will show ‘R7’, pro- 
vided the transmission has not been pre—pro- 
grammed (see Programming Reverse 
Speeds later in this description). Nudge or 
hold the lever to the right and allow the trans- 
mission to run through the speeds until the 
desired operating speed is achieved. 


To further increase tractor speed, open the 
throttle more and/or continue to nudge or hold 
the Speed Control Lever to the right to select a 
higher speed. To decrease speed, close the 
throttle and/or nudge or hold the lever to the 
left to select a lower speed. 


Shuttle Operations 


To change from forward to reverse travel, 
simply lift the neutral lock collar and move the 
Speed Control Lever fully rearward. This may 
be done at any engine speed and with any 
speed selected. 


WARNING: Speeds 7 to 3 and 13 to 18 inclu- 
sive, are not available in reverse. [f travelling 
forward in, for example, 2nd. speed, the low- 
est reverse speed (4th.) will be automatically 
selected when the control lever is moved to 
the reverse position. The operator should be 
aware of this feature as there will be a corre- 
sponding increase in tractor speed. Con- 
versely, if travelling forward in, for example, 
17th. speed, the highest reverse speed 
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(12th.) will be automatically selected when 
the control lever is moved to the reverse posi- 
tion with a corresponding reduction in tractor 
speed. 


Programming Reverse Speeds 


When changing from forward to reverse 
speed, the transmission will-normally select 
the same speed in reverse as was selected 
for forward travel (when operating in speeds 
between 4th. and 12th.). For special shuttle 
shift applications, the Ford Powershift offers 
the advantage of automatically changing the 
reverse speed by up to three speeds higher or 
lower. 


The transmission may be programmed to pro- 
vide an alternative reverse speed as follows: 


e Stop the engine and turn the keystart 
switch off. 


e Move the control lever to the reverse 
speed position then hold the lever to the right. 


e While holding the lever to the right, turn on 
the key—start switch (but do not start the en- 
gine). The digital display should show ‘0’ un- 
less the transmission has been previously 
programmed to select a higher a lower re- 
verse speed. | 


e Return the control lever to neutral. 


e Nudge the lever to the right one, two or 
three times, as required. The display will show 
‘1’, ‘2’ or ‘3’. This indicates that when reverse 
is selected the speed will be one, two or three 
speeds higher than the forward speed. 


e Conversely, if the lever is nudged to the 
left one, two or three times, the display will 
show ‘—1’, ‘—2’ or ‘—3’. This indicates that when 
reverse is selected the speed will be one, two 
or three speeds lower than the forward speed. 
lf the lever is nudged to the left a fourth time, 
‘L’ will be displayed. This means that which- 
ever forward speed is engaged, when the 
lever is moved rearward the lowest reverse 
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speed (4th.) will always be selected regard- 
less of forward speed. 


NOTE: Remember that only reverse speeds 
between 4th. and 12th. are available. 


e Turn the keystart switch off. The transmis- 
sion is now programmed to provide a reverse 
speed different to the forward speed. Return 
the lever to neutral and start the engine to 
commence shuttle shift operations. 


To cancel the programme, proceed as fol- 
lows: 


e¢ Pull the stop control to stop the engine. 


e Turn the keystart switch off. 


e Engage reverse speed and hold the lever 
to the right. 


e While holding the lever to the right, turn on 
the keystart switch (but do not start the en- 
gine). 

e Return the lever to neutral. The 
programme is now cancelled. 


Speed Matching 


When travelling on the road in any speed be- 
tween 12th. and 18th., the transmission will 
automatically select a speed to match the en- 
gine speed to road speed if the inching pedal 
is depressed and the throttle setting adjusted. 


Momentarily depress the inching pedal then 
decrease engine speed with the foot throttle. 
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Release the inching pedal then increase en- 
gine speed. The transmission will automati- 
cally select a higher ratio (provided 18th. 
speed is not already selected) to match the 
lower engine speed and so maintain approxi- 
mately the same road speed. 


Note: /t is recommended that the hand throt- 
tle is set to maintain a minimum engine speed 
of 1000 rev/min and the foot throttle is used 
when higher engine speeds are required. 


Conversely, decrease engine speed, then de- 
press the inching pedal, simultaneously in- 
creasing engine speed by pressing the foot 
throttle further down, then release the inching 
pedal. The transmission will automatically se- 
lect a lower speed (provided 12th. speed is 
not already selected) to match the higher en- 
gine speed. 


Transmission Oil Filter Restriction Warn- 


ing Light 


To the right of the Speed Control Lever is a 
red warning light. Should the transmission oil 
filter become blocked, the warning light will il- 
luminate. 


NOTE: When the keystart switch is first 
turned on in temperatures below 50°F (10°C), 
the light may stay on continually for up to five 
minutes (or more, dependent upon the 
amount of contaminant in the filter and the 
temperature of the oil. The light may continue 
to flash momentarily for an additional period 
of time until the transmission oil warms up. 


IMPORTANT: /f the light stays on continually 
for 30 minutes, the transmission oil filter re- 
quires servicing. 
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C. HYDRAULIC CONTROL VALVE — DESCRIPTION AND OPERATION 


The hydraulic control valve assembly is 
mounted externally on the right hand side of 
the transmission housing centre section. The 
valve functions to perform the actual applica- 
tion and release of the speed clutches and the 
directional clutches. A regulating valve within 
the main control valve assembly, set at 240 — 
260 Ibf/in ? (16.2—17.9 bar), maintains a con- 
stant oil pressure for the tractor low pressure 
circuit which controls the power brake valve, 
the P.T.O. clutch and four wheel drive en- 
gagement clutch. This regulating valve re- 
places the regulating and brake priority valve 
used on tractors fitted with the standard 8x2 or 
16x4 Dual Power transmission. 


The main control valve contains twelve sepa- 
rate hydraulic valves, the regulating valve, 
and eleven valves which are actuated by 
electronically energised coils. Of these 
eleven electronically actuated valves, nine 
control the application of the six speed and 
three directional clutches, while the two re- 
maining valves control modulating circuits — 
one for the F1 (forward 1) directional clutch 
and the other for the F2 (forward 2) and REV 
(reverse) directional clutches. 


The energisation of these valves and modula- 
tor circuits is controlled by the electronic man- 
agement system, which in turn is signalled by 
the in—cab control lever and the foot operated 
inching pedal. 


The hydraulic circuits are shown in schematic 
format in Figure 1; hydraulic oil is supplied to 
the contro! valve by the transmission charge 
pump, via the external filter. The main regula- 
tor valve acts to maintain a pressurised oil 
supply to each of the nine clutch circuits, and 
to the modulator valves, plus in addition, a 
supply for the tractor low pressure circuit. The 
oil flow from the hydraulic pump continues 
past the regulator valve, to the lubrication and 
cooling circuit, passing a lubrication and cool- 
ing circuit relief valve, the external heat ex- 
changer, or cooler, mounted in front of the en- 
gine radiator, and an internal by-pass port 
cast into the main control valve housing. The 
external cooler handles only a proportion of 
the total lubrication and cooling oil flow. All ex- 
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cess flow is passed through the internal by— 
pass port directly to the transmission lubrica- 
tion and cooling circuit. 


Figure 2, shows in diagrammatic form, the op- 
eration of the main regulator valve. Pump oil, 
present in gallery ”A”, which is also linked to 
the clutch circuits at gallery ”B”, cannot es- 
cape until the regulator spool has moved to 
the right. Oil enters the hollow spool through 
an opening and via a removable orifice plate, 
incorporated for cushioning purposes, acts 
on the left hand side of the spool. This oil pres- 
sure moves it to the right, against the oppos- 
ing force of the two springs. As the spool 
moves, pump oil, surplus to that required for 
operating the speed clutches, directional 
clutches and modulating valves, moves on to 


the lubrication and cooling circuits via gallery — 


ad Sie 


Each of the nine clutch circuit valves, shown 
diagrammatically in Figure 3, operates in an 
identical manner. However the directional 
clutch application circuits are modulated or 
proportionally controlled, allowing their appli- 
cation and release to be cushioned and feath- 
ered when required. 


The nine clutch circuits operate on a simple 
open or shut basis. Oil from the now regulated 
pressure gallery ’A”, shown diagrammatically 
in Figure 3, is not allowed to pass to the clutch 
supply port ’S” by the position of the clutch cir- 
cuit valve spool (shown as an example as the 
left hand valve of Figure 3). With the coil ener- 
gised, the core of the valve is magnetically 
drawn into the surrounding tube allowing the 
clutch circuit to open to the regulated oil sup- 
ply, shown as an example on the right hand 
side of Figure 3. The simple coil spring, posi- 
tioned in the hollowed end of the valve core 
acts as a shock absorber when the valve is 
energised, and a return device when the elec- 
trical signal is removed to close the valve. Any 
oil leaking past the valve from the regulated 
pressure supply will exhaust to the peripheral 
gallery "R”, connected to sump. When the 
valve closes, oil within the clutch pack can re- 
turn to sump from gallery ’S” to ’R”, as shown 
on the left hand side of Figure 3. 
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Figure 2 
Regulator Valve Operation — Diagrammatic View 


1. Outer Spring 
2. Inner Spring 


The modulator valve, controlled by the elec- 
tronic management system, proportionally 
varies the pressure being sent to the direc- 
tional clutches, the variation being deter- 
mined by the degree of movement of the 
valve controlled by the strength of the electri- 
cal signal from the electronic management 
system. 


- | = 


3. Valve Spool 
4. Orifice Plate 


5. Control Valve Housing 


Figure 4 shows, in diagrammatic format, a 
modulator or proportional valve. Oil from the 
regulated oil pressure gallery "A” passes 
around the waisted section of the modulating 
spool to gallery ”“D” which, in turn, is 
connected to the directional clutch circuit 
valves. As the solenoid coil, in this situation , 
is not energised, oil passing into the centre of 
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Figure 3 
Clutch Circuit Valve Operation — Diagrammatic View 
1. Solenoid Coil 3. Solenoid Body 5. ”O” Ring Seal 
2. Valve Spool 4. Return/Cushioning Spring 6. Main Control Valve Housing 
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Figure 4 
Modulator Valve Operation — Diagrammatic View 


1. Solenoid Coil 
2. Return/Cushioning Spring 5. Pilot Valve Seat 
3. Solenoid Housing 6. Spring 


the spool and acting on the inner right hand 
end of the spool cannot overcome the same 
oil pressure which is present in chamber ”E” 
and assisted by the force of the spring. 


In Figure 5, the solenoid coil has been 
energised and the pilot valve spool drawn off 
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4. Pilot Valve Spool 7. Modulating Spool 
8. Filter Screen 


9. Removable Orifice 
10. Control Valve Housing 


its seat. This allows oil to flow from chamber 
"E” over the pilot seat to sump at ”R”. The 
degree of flow is controlled by the removable 
orifice and.the amount the pilot valve is drawn 
Off its seat. The degree of pilot valve 
movement is dictated by the strength of the 
current supplied to the coil. 
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Figure 5 
Modulator Vaive Operation — Diagrammatic View 


1. Solenoid Coil 4. Pilot Valve Spool 7. Modulating Spool 
2. Return/Cushioning Spring 5. Pilot Valve Seat 8. Filter Screen 
3. Solenoid Housing 6. Spring 


9. Removable Orifice 
10. Control Valve Housing 
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As the oil flows across the pilot valve seat, the 
pressure in chamber ”E” reduces, dependant 
on the rate of flow, and unbalances the 
modulating spool causing it to move to the 
right. This allows pressure at gallery "D” to be 
regulated by the throttling action of the spool 
as it opens the gallery ”R” to sump. 


Depending on the strength or degree of 
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electrical current supplied to the proportional 
valve solenoid and the timing of the opening 
of the clutch circuit valve, speed of application 
and release of the directional clutches will be 
controlled. All signals to the solenoids are 
precisely controlled by the electronic 
management system. Full details of this 
management system are contained in 
Section D 


ques CELAPT ER 5 see 


D. ELECTRONIC MANAGEMENT SYSTEM — DESCRIPTION AND OPERATION 


The transmission control system consists of 
three major components. A transmission con- 
trol module or TCM, a speed selector and a 
display module. Complimenting these com- 
ponents are wiring harnesses, solenoid con- 
trolled valves, relays and sensors. 


The transmission control module is in fact a 
micro processor which during manufacture is 
programmed with complex instructions to 
control the management of the transmission. 
Within these pre—programmed instructions is 
a fail safe mode which instantly allows the 
transmission to go to neutral in the unlikely 
event that a mal—function should occur. The 
TCM can be calibrated by the serviceman to 
tune it to a particular transmission to take into 
account the pressure required by the wet 


clutches to reach the point where they just 
start to transmit power and to perform selec- 
tive shuttle shifts as described in Section B. 
The TCM, in addition, has a built in 
programme to provide a self diagnostic dis- 
play giving guidance to the serviceman, in the 
form of alpha numerics, of any conditions 
either external or internal to the TCM effecting 
its function. These diagnostic codes may 
either automatically put the transmission in 
neutral or allow it to continue to operate de- 
pending on the diagnosed condition. No me- 
chanical adjustment of the TCM is possible 
and on no account should the module be dis- 
assembled. 


Figure 1 illustrates in diagrammatic format the 
Transmission Control System. 


MC1 PWM 


MC2 eee 


Figure 1 
Transmission Control System ~ Diagrammatic Format 
1. Modulating Valve Solenoids 5. Inching Pedal Sense Switch 9. Visual Display Module 
2. Directional Solenoids 6. Inching Pedal Sensor Potentiometer 10. Axle Speed Sensor 
3. Speed Clutch Solenoids 7. Axle Speed Output 11. Engine Speed Sensor 
4. Direct Acting Solenoids 8. Engine Speed Output (not used) 12. Speed Contro! Lever Assy 
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Figure 2 illustrates in diagrammatic format the 
nine direct acting clutch circuit valve sole- 
noids that signal the application of pressure to 
the speed and directional clutches. The three 
directional clutches F1, F2, and REV have 
their direct acting clutch circuit valves con- 
trolled by two modulating valves signaled by 
two further solenoids at MC1 and MC2 


The clutches are wet oil filled that engage 
when hydraulic pressure is applied to the 
clutch cavity, see Section A. Once the appro- 
priate valve is energized (Solenoid signalling 
causes Clutch circuit direct acting valves to 
apply clutch pressure), hydraulic oil fills the 
clutch cavity and after a very short “fill time” in- 
terval, the clutch plates engage and transmit 
torque. The numbered and lettered speed 
clutches 1, 2, 3, and A, B, C, do not tolerate 
extended periods of slippage and are either 
fully engaged or not engaged. 


Figure 3 illustrates in chart form which direct 
acting clutch circuit valve solenoids are ener- 
gised for a given speed selection. One clutch 
only in each of the numbered and lettered 
speed clutch groups, and one directional 
clutch must be applied. 


| 
REV |—— > REV 
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Since clutches F1, F2, and REV are used for 
inching, speed changes that require con- 
trolled slippage and directional changes, 
these clutches are far more tolerant of slip- 
page and consequently their construction re- 
flects this. To control the period and timing of 
this slippage, the pressure must be controlled 
at these clutches. Clutch circuit valves F1, F2 
and REV are direct acting and thus do not 
control pressure. These three valves are hy- 
draulically controlled by two modulating 
valves, MC1 and MC2, as described in Sec- 
tion C. The modulating valve solenoids are 
pulse width modulated. ’Pulse Width Modula- 
tion” (PWM) is a term used to describe the 
control function of the electrical output from 
the TCM. The PWM solenoid allows regula- 
tion of the hydraulic valve pressure to the ap- 
propriate clutch, to be inversely proportional 
to the average DC electrical current in the so- 
lenoid coil. That is, the lower the solenoid cur- 
rent, the higher the pressure applied to the 
clutch. 


Figure 4 shows a very simplified view of the 
operation of this valve and is also described in 
Section C from an hydraulic standpoint. 
When the solenoid is not electrically ener- 
gised, a needle valve is spring loaded in the 
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Figure 2 
Direct Acting Solenoids — Diagrammatic View 


1. Direct Acting Clutch Circuit Valves and Solenoids 
2. Directional Clutches 
3. Speed Clutches Numbered and Lettered 
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4. Regulated Input Oil Pressure 
5. Proportional Valves and Solenoids 


Figure 3 
Solenoid Energisation for each Speed 
(speed shown on left hand side of each box) 
F1 = forward speeds 1 -— 9 
F2 = forward speeds 10 — 18 
REV = reverse speeds 4 — 12 


closed position causing pilot pressure to be 
equal to regulated system pressure. This pilot 
pressure controls the position of a spool to 
control clutch pressure. When current is ap- 
plied to the solenoid in the form of a pulse 


width modulated signal, the needle valve is 
moved open to the extent dictated by the av- 
erage DC current in the coil. This causes an 
oil flow across the needle valve, the pilot pres- 
sure is dictated by the oil flow through the 
fixed orifice. The clutch application pressure 
is, essentially, equal to the pilot pressure re- 
gardless of the amount of hydraulic flow to the 
clutch cavity. A typical Clutch Pressure vs. 
Current (Iin Amps) is shown in graphic form in 
Figure 4. The bias spring in the solenoid coil 
is factory set (No field adjustment) to provide 
approximately 50 Ibf/ine (3.5 bar) at 2.6 
Amps. This pressure is approximately the 
pressure where the clutches start to carry 
torque. 


Pulse Width Modulation (PWM) is used for 
controlling current to all the direct acting 
clutch circuit solenoids and the modulating 
valves MC1 and MC2 solenoids controlling 
the directional clutches. All solenoids have 
one wire (Blue) connected to +12V. The other 
wire (Black) is connected to the Control Mod- 
ule which switches to ground, or earth, fora 
given time interval. This occurs at a fixed rate. 


Figure 4 
Proportional Valve—Pulse Width Modulated — Diagrammatic View 


1. Clutch Pressure 3. Reservoir or Sump 
2. Spring ~ 7lbi/in? (0.5 bar) 4. Negative 12V 


5. Positive 12 V 
6. Mod Valve Spool Seal 
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7. Regulated Pressure 
8. Orifice 
9. Mod Valve Spool 
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Figure 5 
Typical Pulse Width Modulation Drive Circuit 


1. No Diode Current 
2. Diode Conducting 
3. FET (field effect transistor) On 


The ratio of time at ground or earth vs. time at 
open circuit dictates the current in the sole- 
noids. The rate that this pulsing takes place is 
fast enough that the inductance of the coil 
provides essentially a DC current in the coil. 
The “fly back” current (coil current when the 
FET electronic switch is open circuit) com- 
pletes its path through a diode in the coil as- 
sembly. Figure 5 shows a typical “Pulse 
Width Modulation” drive circuit. The TCM 


monitors the coil current when the driver is on 


by measuring the voltage across a series Cur- 
rent sense resistor in the Control Module. The 
TCM can then make periodic adjustments to 
the duty cycle depending on how the meas- 
ured current compares with the desired cur- 
rent. 


To reduce power consumed, the direct acting 
clutch circuit valve solenoids are pulsed at a 
rate of approximately 100 Hz. (on/off cycles 
per second) Since these solenoids are con- 
trolling direct acting clutch circuit valves, there 
is no pressure controlling taking place. How- 
ever, the duty cycle is varied to account for 
battery voltage variations occurring in the 


4. FET Off 
5. Battery Voltage 
6. Zero Voltage 
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7. Current Sense Resistor 
8. Field Effect Transistor (FET) 
9. TCM 


tractor electrical circuit, and thus maintain a 
constant “ON” current when energised. 


The modulating valves solenoids are how- 
ever pulse width modulated at a rate of ap- 
proximately 5 Khz. This waveform is more 
complex than the direct acting clutch circuit 
valve solenoids in that it is not a fixed fre- 
quency with a 50% on/off duty cycle. It’s duty 
cycle (on/off time) varies proportionally to the 
desired average current to produce a desired 
clutch pressure. However, the same basic 
principle applies in that the “ON” time of the 
driver (Black wire of the coil pulled to ground 
or earth) and “OFF” time of the driver (Black 
wire open circuit) are controlled to provide a 
desired average DC current in the coil. Again, 
the actual coil current is monitored in the TCM 
by way of a small series resistor. 


The solenoid coil assembly with the internal 
diode for the PWM is identical to the direct act- 
ing clutch circuit valve solenoids. The modu- 
lating valves, MC1 and MC2, solenoids PWM 
control circuit, requires far more accuracy 
than the direct acting clutch circuit valve sole- 


Figure 6 
Speed Control Lever Assembly — Schematic View 


1. TCM 
2. PTO Safety Start Switch 
3. Starter Circuit 


noids, and thus are somewhat more sophisti- 
cated in their control algorithms (or process). 


Due to the diode conducting the “flyback cur- 
rent” in the solenoid coil assembly, it is not 
possible to easily measure the coil current 
with a meter. A voltmeter placed across the 
coil will also give a misleading voltage value 
due to the pulse width modulation scheme. 


The Speed Control! Lever assembly, shown 
schematically in Figure 6, uses reed switches 
activated by magnets and moving shunt 
plates, to indicate Speed Control Lever posi- 
tion. Forward, Reverse, Up-—shift, and Down- 
shift positions are transmitted to the TCM by 
four wires — one wire changing impedance to 
ground or earth for each position. Series and 
parallel resistors around the reed switches, 
within the speed selector, allow the TCM to 
detect abnormal open and short circuit switch 
or wire conditions. 


Two further reed switches are incorporated in 
the Speed Control Lever, one inhibits the start 
relay current when the lever is not in neutral, 
and the other allows current to the directional 
clutches interrupt relay only when Forward or 
Reverse is selected. This relay removes the 
+12V from the directional clutch solenoids 
when not in Forward or Reverse as a safety 
precaution. 


4. Neutral Safety Start Switch 
5. Speed Control Lever 
6. +12V Keystart 
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7. +12V from Inching Pedal 
8. Directional Interrupt Relay 
9. To Directional Clutch Solenoids 


Two reluctance sensors are used to measure 
engine speed and axle speed. These are po- 
sitioned next to gears rotating at a fixed rela- 
tionship to engine speed in the transmission 
front housing and to gears rotating at a fixed 
relationship to output speed in the transmis- 
sion rear housing. Amplified and converted 
output signals of these two sensors are avail- 
able from the TCM for use by other instrumen- 
tation packages such as the Electronic Instru- 
ment Panel and the Performance Monitor. 


The display module communicates with the 
TCM serially by way of two wires. The display 
periodically requests. information from the 
TCM and it, in turn responds with display in- 
formation. If the display module does not get 
valid information back from the TCM, or no in- 
formation at all, it will blank its digital display. 
The display module is powered from the +12V 
line. 


The “Inching Pedal” has two sensors associ- 
ated with it, a position sensor and a sense 
switch. The position sensor is a high quality 
potentiometer that is powered from a special 
reference voltage in the TCM. The potenti- 
ometer indicates the position of the pedal. 
The sense switch is used to break the circuit 
to the directional interrupt relay when the 
pedal is in the extreme or depressed position. 
This removes power from the directional 


clutches and puts the transmission in neutral. 
The status of this switch is also used by the 
TCM for input to various control algorithms 
(processes). 


Wiring harnesses and circuits are shown in 
Chapter 6, Calibration, Initial Tests and "Limp 
Home”, Wiring Circuits, Trouble Shooting, 
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Pressure Testing, Specifications and Special 
Tools. Harnesses are unique for the power- 
shift transmission for obvious reasons. All di- 
agnostic procedures are covered in Chapter 
6, Calibration, Initial Tests and "Limp Home”, 
Wiring Circuits, Trouble Shooting, Pressure 
Testing, Specifications and Special Tools. 


CHAPTER 5 


E. TRANSMISSION ASSEMBLY —- OVERHAUL 


Disassembly of the transmission for access to 
the speed and directional clutches can only 
be performed with the transmission com- 
pletely removed from the tractor and with the 
housing in a vertical position resting on its 
front buckle—up face. If the main input seal, or 
the torque limiting, cushioned damper drive 
shaft assembly between the engine flywheel 
and the transmission assembly require atten- 
tion, these items may be disassembled by 
separating the engine from the transmission. 
If the main hydraulic pump and its P.T.O. drive 
shaft require attention, these items may be 
disassembled by separating the transmission 
from the rear axle centre housing. Refer to 
PART 12 Separating the Tractor, for details of 
transmission separation and removal. 


REMOVAL AND DISASSEMBLY 


1. Remove the transmission as described in 
Chapter 3 PART 12 Separating the 
Tractor. 


2. Place the transmission vertically on its 
front buckle—up face, resting it on a 
wooden _ sheet, to protect the front 
face, Figure 1. lf a trolley or similar can be 
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Figure 1 
Transmission Positioned Vertically 


1. Input Speed Sensor 3. Wooden Sheet 
2. Front Face 4. Output Speed Sensor 
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made that incorporates wheels, this will 
aid subsequent disassembly. 


3. Remove the input and output sensors 
shown inset in Figure 1. 


NOTE: The transmission weighs approxi- 
mately 1550 Ibs (710 kgs.) ensure adequate 
cranage is available and note that cranage 
will be necessary during disassembly, there- 
fore a smooth floor space will be required. 


Rear Housing and Directional Clutches — 
Removal 


1. Remove the 22 bolts retaining the main 
hydraulic control valve assembly in the 
numbered sequence shown in Figure 2, 
starting with number 22, and remove the 
valve and gasket. 


2. Remove the 6 bolts securing the hydraulic 
pump to the rear housing, Figure 3, and by 
grasping the P.T.O. shaft withdraw the 
pump and P.T.O. shaft from the 
transmission. 


3. Remove the 19 bolts that retain the rear 
housing and centre section to the front 
housing. Attach a suitable lifting sling to 
the rear housing and place two threaded 


Figure 2 
Control Valve Retaining Bolts — Solenoids and Har- 
nessing Removed for Clarity 


Loosen and remove in the sequence shown 
Starting with no. 22 
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Figure 3 Figure 5 
Rear Housing and Hydraulic Pump F2 Directional Clutch Splash Shield 
1. Hydraulic Pump 3. PTO Shaft 1. Splash Shield 
2. Main Output Shaft 4. Pump Retaining Bolts 2. Retaining Bolts 
guide rods at opposite sides of the the centre section. Remove the gasket. 


housing (guide rods may be suitably 
threaded bolts with the heads cut off). 


4. With the aid of suitable cranage, carefully 5. Remove the two bolts retaining the F2 
lift off the rear housing, Figure 4. Do not directional clutch/output shaft oil splash 
allow the front housing to separate from shield, Figure 5, and remove the shield. 


Figure 4 Figure 6 
Lifting the Rear Housing from the Centre Section F2 Directional Clutch Lifting Eye 
1. Rear housing 3. Guide Bolts A. 2.0in. (560mm) (approx.) C. Weld 
2. Centre Section B. 5/146-12 UNC Thread D. 2.50in.(62mm)(approx.) 
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Figure 7 
F2 Directional Clutch Slightly Raised Using Crane 
. F2 Clutch 4. Two Gear Cluster 
. Reverse Clutch 5. F1 Clutch 


. Transfer Gear 


. To facilitate removal of the F2 clutch 


assembly it will be necessary to construct 
or obtain, a lifting eye that will screw into 
the threaded hole provided in the end of 
the shaft. Refer to Figure 6 for 
constructional details. 


. With the lifting eye screwed into the shaft 
and using suitable lifting equipment, 
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Central Transfer Shaft Front Bearing Wedged 


1. Transfer Shaft 
2. Rubber or Card Wedge 
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slightly raise the shaft from the centre . 
section, only raise the shaft very slightly at 
this stage, Figure 7. 


8. Using pry bars or levers slightly raise the 
F1 and reverse directional clutches while 
lifting F2 clutch. At the same time slightly 
raise the transfer shaft and the two gear 
cluster Figure 8, until a thin piece of card 
or rubber strip can be inserted between 
the transfer shaft front bearing and its 
bore 


9. Further raise the central transfer shaft (it 
will not be possible to remove the shaft at 
this stage), and remove the two gear 
cluster, Figure 9. 


CAUTION: Ensure that the workbench or re- 
ceiving area for the removed assemblies is of 
adequate construction. The transmission 
components are extremely heavy. 


10. Using the levers or pry bars, again slightly 
raise the reverse directional clutch and 
the F1 clutch, Figure 10. Note that again it 
may be necessary to slightly further raise 
the F2 directional clutch or to rattle or 
shake this component. 
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Figure 9 
Removing Two Gear Cluster from Centre Section 
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gure 10 ure 12 
Raising Reverse Directional Clutch With Lever Removing the F1 Directional Clutch 


11. When sufficient clearance exists remove 13. The F2 directional clutch may now be 


the reverse directional clutch, Figure 11. raised and removed, Figure 13. 
12. Repeat steps 10 and 11 to remove the F1 14. Lift out the previously wedged central 
directional clutch, Figure 12. transfer shaft, Figure 14. 


Figure 11 Figure 13 
Removing the Reverse Directional Clutch Raising and Removing the F2 Directional Clutch 
1. Lifting Eye 3. Wedge 
2. F2 Directional Clutch 4. Transfer Shaft 
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overhaul of these items. If further disassem- 
bly is required it is recommended that com- 
plete transmission disassembly is completed 
before overhauling sub—assemblies. 


Front Housing and Speed Clutches — Re- 
moval 


1. Screw in three lifting eyes into the 
threaded holes provided in the centre 
section. (thread size 3/4—10 U.N.C.) Using 
a suitable lifting sling, carefully lift the 
centre section away from the front 


Figure 14 
Removing the Wedged Transfer Shaft housing, Figure 15. Remove the gasket. 


Disassembly of the rear housing components 2. In order to remove speed clutches 1/C 


(directional clutches) is now complete. If re- and 3/B it will be necessary to construct a 
pair of the removed assemblies is now neces- simple lifting attachment. Refer to 
sary, refer to the following headings covering Figure16 for constructional detail. 


ae Figure 15 . Figure 16 
Lifting Centre Section away from Front Housing Speed Clutches 1/C and 3/B Lifting Tool 
— Constructional Detail 
1. Lifting Eye 3. Front Housing 1. Suitable Lifting Eye D. 0.312 inch 
2. Centre Section 4. Guide Rods A. 1.5 inch E. 9.0 inch 
B. 3.0 inch F. 7.0 inch 
C. 1.235 inch G. 0.5 inch 


35 


. Constructed Tool 
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Figure 17 


Constructed Lifting Tool Positioned on 1/C and 3/B 


Clutches 


3. 1/C Clutch 
3/B Clutch 


. Position the tool over the ends of the 

speed clutch shafts and install the locking 
bar. Ensure the lever hole is positioned 
away from the centre of the transmission, 
Figure 17. 
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Figure 19 
Removing the Two Gear Cluster 


a pry bar or lever to slightly raise the two 
gear cluster. By applying a lever or pry bar 
to the hole in the tool, the angle of the 
clutches may be altered to assist in 
removal, if necessary, Figure18. 


Using the crane, slightly raise the two 
speed clutches and at the same time use 
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Figure 18 . Figure 20 
Raising the Two Speed Clutches and Altering their Removing the Two Speed Clutches 


Angle ; 
1. 3/B Clutch 3. 1/C Clutch 


1. Lever or Pry Bar Positioned in Slot in Tool 2. 2/A Clutch 
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Figure 21 Figure 22 


Lifting the 2/A Speed Clutch from the Front Housing Input Gear Carrier Retaining Bolts 
1. Input Gear 3. Carrier 


2. Retaining Bolts. 


5. Grasp the two gear cluster and raise it Speed Clutches — Disassembly 


upwards and away from the speed a 
clutches, Figure 19, it may be necessary he speed clutch assemblies are all identical 


to alter the angle of the suspended speed with respect to the actual clutch components. 
clutches and to lift them further. All pistons, belleville springs, plates and re- 
tainers being common. End gears are of dif- 


fering size and hub shape, and bearings vary 


6. With the two gear cluster removed in size and type. However the disassembly, 


carefully raise the two speed clutches and 
remove them from the housing, Figure 20. 


7. The remaining speed clutch 2/A may now 
be physically lifted and removed from the 
housing, Figure 21. 


Main Input Gear Assembly — Removal 


1. With the front housing now resting on its 
rear face, remove the 4 bolts retaining the 
input gear carrier to the front housing, 
Figure 22. 


Figure 23 
Input Gear and Carrier Removed from Front Housing 
2. Pull out the input gear and carrier 
1 . "O” Ri 
assembly, Figure 23. . rile as oo) Hingseee! 
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Figure 24 
Pulling Off the Shaft Support Bearing 


1. Puller No. 1003 or 9516 4. Pulling Attachment 
2. Bearing. No. 952 0r1126 
3. End Gear 5. Shaft Protector 


inspection and overhaul procedure is identi- 
cal. The following illustrations depict the 3/B 
speed clutch assembly, but the principle ap- 
plies to all speed clutches. 


1. Position the speed clutch assembly on a 5. 


suitable block or support that will allow the 
assembly to sit securely in a vertical 


Figure 25 
Removing the End Gear Retaining Snap Ring 


1. Snap Ring 2. End Gear 
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plane. If not previously left in the centre 
section pull off the shaft rear (oil feed end) 
support bearing, using tool Nos. 952 or 
1126 and 1003 or 9516, and a suitable 
shaft protector, Figure 24. 


From the rear end of the assembly (oil © 
feed end), remove the snap ring retaining 
the end gear end bearing, Figure 25. 


Using the same puller tools pull off the end 
gear and bearing assembly, note that the 
gear hub forms the carrier for the 
internally splined friction plates, Figure 


Using similar tools and technique remove 
the shaft front support bearing and the 
gear noting that there is a spacer between 
the shaft main support bearing and the 
end gear front bearing. Note that both 
inner bearings of the end gears may 
remain on the shaft. If necessary remove 
them using tool No. 1003 or 9516 and a 
suitable shaft protector. An exploded view 
of a complete speed clutch, bearing and 
gear assembly is shown in Figure 27. 


The clutch assemblies may now be 
disassembled. Remove the clutch plate 
retainer snap ring, Figure 28. 
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Figure 26 
Pulling Off the End Gear and Bearing Assembly 


. Puller No. 1003 or 9516 4. Pulling Attachment 


Bearing. No. 952 or1126 
End Gear 5. Shaft Protector 
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Figure 27 
Speed Clutch Gear and Bearing Assembly — Exploded View 
1. Shaft Front Brg. 4. Shaft and Clutch Casing 7 Shaft Rear Brg. 10. End Gear Inner Brg. 
2. Spacer 5. End Gear Inner Brg. 8. Snap Ring 11. Snap Ring 
3. End Gear Outer Brg. 6. End Gear 9. End Gear Outer Brg. 12. End Gear 
6. Invert the assembly and allow the clutch 8. To release the belleville spring washer 
plate retainer and clutch friction and force it will be necessary to compress the 
separator plates to fall out, Figure 29. spring to release the retaining snap ring. A 
simple tool can be locally constructed as 
7. If not previously removed, pull off the end shown in Figure 30. 


gear inner bearings from the main shaft as 


previously described. 9. Position the clutch assembly under a 


Suitable press, and using the previously 
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Figure 28 Figure 29 
Removing the Clutch Plate Retainer Snap Ring Allowing Retainer Plate and Clutch Plates to Fall from 
Assembly 
1. Retainer Plate 1. Clutch Plates 3. Snap Ring 
2. Snap Ring | 2. Retainer Plate 
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Figure 30 
Belleville Spring Compressor Tool — Constructional 
Detail 
A. 14 inch D. 0.5 inch 
B. 5.125 inch E. 0.75 inch 
C. 3.5 inch F. 0.875 inch 


constructed tool, compress the spring 
sufficiently to allow removal of the snap 
ring, Figure 31. Remove the snap ring and 
the locking retainer ring. 


10. Invert the assembly and remove the 4 
belleville washers and the inner piston 
protective washer, Figure 32. 


11. Repeat steps 9 and 10 on the opposite 
clutch. 


12. Using an air supply, not exceeding 
50 Ibf/in?(3 bar), apply the air gun to each 
of the two annular groove cross drillings, 
Figure 33, to expel the two clutch pistons. 
An exploded view of a complete speed 
clutch assembly is shown in Figure 34, 
and shows both clutches. 


Speed Clutches — Inspection and Over- 
haul . 


Before commencing a detailed inspection of 
the transmission, consider the history of the 
transmission. If disassembly and overhaul 
has been dictated by a specific failure at rela- 
tively low service hours, a thorough examina- 
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Figure 31 
Compressing the Belleville Spring Using the 
Constructed Tool 


1. Constructed Tool 3. Snap Ring 


2. Locking Retainer Ring 


tion of components will identify salvageable 
bearing, seals and other such items. If, how- 
ever the transmission has operated consider- i 
able service hours, then replacement of all ; 
bearings and seals would be recommended. — 


Figure 32 
Belleville Spring and Piston Protective Washer — 
Exploded View 


4. Protecting Washer 
5. Shaftand Clutch Casing 


1. Belleville Springs 
2. Snap Ring 
3. Locking Retainer 


2. Remove and discard the three annular 
groove sealing rings. 


3. Remove the inner and outer seals from 
the pistons and inspect both pistons for 
scoring or damage. Install new seals. 


4. Check the clutch assembly shaft carefully, 
the central gear, the two contained clutch 
housings for scratches, scores, excessive 
wear and piston scuffing. Any damage 
caused to the shaft during bearing re- 
moval should be carefully dressed using a 
suitable abrasive. Be sure to remove all 
traces of abrasive upon completion. 


5. Check the clutch friction and separator 


Figure 33 — . plates for excessive wear, the friction 
Removing the Clutch Piston Using Compressed Air plate material should have a clear distinc- 
1. Piston (still in casing) 3. Expelled Piston tive pattern to be considered suitable for 
2. Air Gun further service. All plates should be flat 


without warping , and there should not be 
excessive discolouration. 


1. Clean all parts in a suitable solvent and 6. Inspect the two end gears, examining the 
dry thoroughly using a clean, lint free cloth teeth for wear or pitting, and the clutch fric- 
or compressed air. tion plate hub splines for wear or damage. 


Figure 34 

Speed Clutch Assembly — Exploded View 
1. Piston and Seals 9. Clutch Plates 17. Annular Seal Rings. 25 End Gear Inner Brg. 
2. End Gear Outer Brg. 10. End Gear Inner Brg. 18. Snap Ring 26. Snap Ring 
3. Spacer 11. Snap Ring 19. Shaft Rear Brg. 27. Locking Retainer Ring 
4. Shaft Front Brg. 12. Locking Retainer Ring 20. End Gear Outer Brg. 28. Belleville Washers 
5. Snap Ring 13. Belleville Washers 21. End Gear 29. Protective Washer 
6. End Gear 14. Protective Washer 22. Snap Ring 
7. Snap Ring 15. Piston and Seals 23. Retainer Plate 
8. Retainer Plate 16. Shaft and Clutch Casing 24 Clutch Plates 
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Figure 35 
Removing the End Gear Bearing Retaining Snap Ring 
Snap Ring 
End Gear 


2. 


10. 


Ensure the snap ring separating the bear- 
ings in the front end gear is in place and 
secure. Similarly inspect all other snap— 
rings and their grooves for deformation 
and damage 


Inspect all bearing for wear, looseness 
and free running if these are to be reused. 
Consider the economic value of reinstall- 
ing new bearings verses the possibility of 
a further transmission removal and over- 
haul. 


Install new sealing rings to the shaft annu- 
lar grooves. Ensure these rings are al- 
lowed to “resize” themselves to the 
grooves before reassembly to the centre 
section. 


Inspect the belleville washers for defor- 
mation. If necessary compare these items 
with a new item, using the new item as a 
comparator. 
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Figure 36 
Pulling Off the End Gear and Bearing Assembly 


1. Puller No. 1003 or 9516 4. Tool No. 952 or 1126 
2. End Gear 5. Shaft Protector 
3. Bearing 


NOTE: /f any doubt exists as to the further 
service life of any component, assess the 
economic factor involved of a_ further 
transmission removal and disassembly cost 
verses the replacement cost of that particular 
part. 


Directional Clutches — Disassembly 


The directional clutches are similar to the 
speed clutches, except that each of the as- 
semblies house just one clutch. The pistons 
and plates are identical to the speed clutches, 
except that there are 14 friction plates and 14 
separator plates. Piston seals, snap rings are 
also identical. In addition note that directional 
clutches, F1 and R are identical in all re- 
spects, including number of gear teeth and 
bearings. Directional clutch F2 whilst having 
an identical clutch pack assembly has differ- 
ent gears and bearings and also serves as the 
main output shaft. 
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Figure 37 Figure 38 
Removing the Clutch Plate Retainer Snap Ring Compressing the Belleville Spring Using the 
. Constructed Tool 
1. Retainer Plate 1. Constructed Tool 3. Snap Ring 
2. Snap Ring 2. Locking Retainer Ring 


1. Position the directional clutch on a suit 5. Invert the assembly and allow the clutch 
able block or support that will allow the as- plate retainer and clutch friction and sepa- 
sembly to sit in a vertical plane and be se- rator plates to fall out. 
cure. Pull off the shaft support bearings 
using tool Nos. 1003 or 9516 and 952 or 
9526, ensure a suitable shaft protector is 
used. 


2. Remove the snap ring retaining the end 
gear bearing, Figure 35. 


3. Using the puller tools positioned around 
the end gear, pull off the gear. Note that 
similar to the speed clutches, the gear hub 
forms the carrier for the internally splined 
clutch friction plates, Figure 36. 


Figure 39 
Removing the Clutch Piston Using Compressed Air 


4. Remove the clutch plate retainer snap . 
Fi 37 1. Piston 3. Air Gun 
ring, Figure of. 2. Pressure Port 
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Figure 40 
Directional Clutch Assembly — Exploded View 


1. Shaft Front Brg. 5. Snap Ring 

2. Snap ring 6. Locking Retainer Plate 

3. Snap ring 7. Belleville Washers 

4. Retainer plate 8. Protective Washer 

6. Using the tool constructed for 
compressing the _ belleville spring 
assemblies, detailed in Figure 30, 


compress the spring sufficiently to allow 
removal of the snap ring, Figure 38. 
Remove the snap ring and the locking 
retainer ring. 


7. Invertthe assembly and remove the 8 bel- 
leville washers and the inner piston pro- 
tecting washer. 


8. Using an air supply not exceeding 50 Ibf/ 
in* (3 bar), apply the air gun to the annular 
groove cross drilling, Figure 39, to expel 


9. Piston and Seals 

10. Annular Seals 

11. Shaft and Clutch Casing 
12. Shaft Rear Brg. 
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13. Clutch Plates 

14. End Gear Front Brg. 
15. End Gear 

16. End Gear Rear Brg. 


the clutch piston. An exploded view of a 
complete directional clutch assembly is 
shown in Figure 40. 


Directional Clutches — Inspection and 
Overhaul 


As the directional clutches are very similar to 
the speed clutches the inspection and over- 
haul procedure listed for these also applies to 
the directional clutches. 


Speed Clutches and Directional Clutches 
— Reassembly 


Reassembly of the speed and directional 
clutches in general follows the disassembly 
procedure in reverse. However note the fol- 
lowing points. 
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. Snap Ring and Retainer 
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Figure 41 
Speed Clutch Assembly — Sectional View 


. Shaft Support Brg. 5. Snap Ring and Retainer 9. Snap Ring 


. Snap Ring 6. Belleville Washers 10. End Gear 
. Sealing Rings 7. Clutch Plates 11. Washer 
. End Gear 8. Piston Protective Washer 12. Snap Ring 
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Figure 42 
Directional Clutch Assembly — Sectional View 


. Shaft Support Brg. 5. Belleville Washers 9. Piston Seal 
. Snap Ring 6. Piston Protective Washer 10. Piston 
. End Gear 7. Shaft and Gear 11. Piston Seal 


8. Sealing Rings 
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12. Clutch Plates 


13. Piston 

14. Piston Seal 

15. Piston Seal 

16. Retainer Plate 

17. Shaft and Clutch Casing 


13. Snap Ring 
14. Retainer Plate 


4. 


Figure 43 
Measuring Clutch Plate Stack Height Using 
Compressed Air 


Depth Gauge 3. Air Gun 


Bridge Plate 

Lubricate the piston seals and the clutch 
housing before assembling the piston into 
the housing. 


Assemble the belleville spring washers in 
the pattern shown in the sectional views il- 
lustrated in Figure 41 and 42, noting that 
the speed clutches use 4 washers and the 
directional clutches use 8 washers. 


If new clutch friction plates are to be in- 
stalled lubricate the plates with transmis- 
sion oil prior to assembly, if existing, used 
plates are fit for further service, do not at 
this stage lubricate (see step 4). Install the 
clutch plates into the clutch housing start- 
ing with an externally splined separator 
plate. Install the clutch plate retainer and 
the snap ring, ensuring that the snap ring 
is fully seated. 


If clutch plates have been re-used it will be 
necessary to check the plate stack height, 
it will not be necessary if all new plates 
have been installed. Check the height as 
follows:— 


a. Place a solid bridge piece across the 
clutch casing and using adepth gauge 
measure and record the distance be- 
tween the bridge piece and the piston, 
Figure 43. 
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Figure 44 
Main Input Gear Carrier Oil Seal 


2. Oil Seal 


b. Apply an air gun, with at least 100 Ibf/ 
in?(7 bar) pressure, to the piston oil 
supply port. With the air pressure ap- 
plied, energising the clutch, again 
measure the distance to the piston. 
The difference between the two 

- measurements will be the total piston 
movement and equal to the wear of 
the clutch plates and separator plates. 


c. If the resultant measurement, ex- 
ceeds that specified, see Specifica- 
tions, Section E, Chapter 6, then the 
clutch plates and/or separator plates 
are not fit for further service and 
should be re—newed. 


d. If the pack is within specified limits, 
disassemble the plates and lubricate 
and reassemble. 


5. Heat the end gear inner bearing by im- 


mersing in hot oil or using a warm air gun 
and press the bearing onto the shaft using 
a suitable diameter tube pushing on the 
bearing inner track. 


Assemble the gear and its splined hub to 
the shaft over the installed inner bearing. 
It will be necessary to ensure that the 
splined hub engages with each friction 


plate. Do this by lightly supporting, by 
hand, some of the weight of the gear and 
its hub whilst allowing it to rest slightly on 
the next spline to be engaged. Swift rota- 
tional backward and forward movement of 
the hub within the plates will engage each 
of the internally splined friction plates and 
allow the gear and hub to drop one by one 
through the plates until all plates are posi- 
tioned on the gear hub. Under no circum- 
stances should the gear and hub be 
forced through the plates. 


7. Heat and press on the remaining bearings 
in a similar fashion and install the snap 
rings and washers as identified in the sec- 
tional views. 


Main Input Gear and Oil Seal — Disassem- 
bly Inspection, Overhaul and Reassemble 


Disassembly of the main input gear and oil 
seal is limited to removal of the oil seal, the 
outer "O’ring seal and the bearings. 


1. Remove the oil seal by carefully levering it 
from the housing, Figure 44. 


2. If necessary, use a press and a Suitable 
adapter to push out the front bearing and 
gear from the input gear carrier. 


3. Inspect both front and rear bearings for 
looseness and wear. If necessary pull off 
the bearings using tool nos.952 or 9526 
and 1003 or 9516 with a suitable shaft 
protector. 


4. Inspect the gear for wear or pitting and the 
internal spline for fretting. 


5. Heat and press on new bearings, if re- 
quired, using a suitable tube pushing on 
the inner track. 


6. Inspect the carrier ’O” ring groove for any 
nicks or burrs, remove any using an abra- 
sive stone. 


7. If necessary, press the gear and bearing 
assembly into the carrier. 


8. Install a new ”O” ring seal on the carrier 
outer periphery. 
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Figure 45 
Two—Gear Clusters 


1. Directional Cluster 3. Transfer Gear 


2. Main Input Gear 


9. Gently press a new oil seal into the centre 
of the carrier, ensuring that the oil seal lip 
is facing inwards towards the oil. 


Two gear Clusters in Front and Rear Hous- 
ings — Disassembly, Inspection and Reas- 
sembly 


There remains three two gear cluster assem- 
blies, Figure 45. Overhaul is confined to in- 
spection of the gear teeth, the bearings and 
splines. 


1. Inspect the gear teeth on each of the three 
clusters for excessive wear and pitting. 


2. Inspect the splines of the two mating as- 
semblies, one internal, one external, for 
excessive wear and looseness. 


3. Inspect each bearing assembly for wear 
and looseness, if necessary pull off the 
bearings from the shaft using tool nos. 
1003 or 9516 and 952 or 9526. 


4. Install new bearings using a press anda 
suitable diameter tube pushing on the in- 
ner track. Heat the bearings to aid assem- 
bly. 
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Figure 46 
Snap Rings In Front Housing 


Figure 47 
Clutch Oil Feed Removable Sleeves 


1. Front Snap Ring 3. Input Gear Carrier 1. Slide Hammer No. 9435S or 9567 
2. Rear Snap Ring Mounting Face 2. Sleeve 

3. Puller 943 or 9507 

4. Modified Legs 


Front and Rear Housings and Centre Sec- 
tion — Inspection and Overhaul 


iF 


Remaining in the front housing input area 
will be two snap rings, Figure 46, that 
separate the bearings of the main input 
gear and the output cluster that transfers 


the power flow to the rear housing. Ensure 


these snap rings are in place and secure. 


The three main housings are doweled to- 
gether at two opposing points on each 
face joint, ensure all four dowels are un- 
damaged and in place. 


Inspect all three housings for damage in- 
cluding each bearing bore. If bearings 
have been found excessively worn en- 
sure the respective bore is undamaged. 


A split or “jiggle” pin is located in the lower 
part of the front housing, check that this 
pin is present and free to "jiggle”. This pin 
allows any engine or transmission oil leak- 
age to escape from the front housing and 
be identified. 


Each of the speed and _ directional 


clutch shaft. Located in the centre section, 
forward face, for the speed clutches, are 
three removable sleeves, and in the rear 
side three further removable sleeves for 
the directional clutches. inspect these 
sleeves for wear and damage. If neces- 
sary extract the sleeves using slide ham- 
mer no. 9435S or 9567, and puller no. 943 
or 9507 with the legs modified by grinding 


Figure 48 
Installing the Oil feed Removable Sleeves 


clutches have oil for control of the clutch 


1. Step Plate Adapt 
actuating pack fed to the ends of the sh at ol 


2. Sleeve 


3. Oil Supply Hole 
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Figure 49 
P.T.O. Shaft Rear Bearing Snap Rings 


1. Bearing to Housing Snap Ring 
2. Bearing to Shaft Snap Ring 


to the wail thickness of the sleeve, Figure 
47. It is important during removal that the 
bore in the centre section is not damaged. 


6. Install new sleeves using a suitable step 
plate adapter. Ensure that the oil holes in 
the sleeve line up with the holes in the 
centre section before driving in the 
sleeves, Figure 48. 


Oil Pump and PTO Shaft Assembly, Disas- 
sembly, Inspection and Reassembly 


1. Remove the inner and outer snap rings re- 
taining the P.T.O. shaft rear bearing to the 
shaft and oil pump housing, Figure 49. 


2. Gently tap the forward end of the P.T.O. 
shaft onto a wooden block to push the 
bearing out from the oil pump housing. 


3. Using puller no. 1003, or 9516, and a suit- 
able shaft protector, pull off the bearing 
from the shaft, Figure 50, and remove the 
second snap ring from the shaft 
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Figure 50 
Pulling Off P.T.O. Shaft Rear Bearing 


Puller No. 1003 or 9516 3. Bearing 
Shaft Protector 


The P.T.O. shaft can now be removed 
from the pump. 


Remove the 4 bolts retaining the two half 
housings and separate the pump rotor 
from the housings, an exploded view is 
shown in Figure 51. 
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Figure 51 
Hydraulic Pump — Exploded View 
PTO Shaft 5. Bearing 
Snap Ring 6. Pump Rear Housing 
Snap Ring 7 Rotor Assembly 
Snap Ring 8 Pump Front Housing 
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Figure 52 Figure 53 
Measuring Clearance Between Outer Rotor and Measuring Clearance Between Inner and Outer 
Housing Rotors and Body 
1. Housing 3. Inner Rotor 1. Housing 3. Inner Rotor 


2. Outer Rotor 2. Outer Rotor 4. Straight Edge 


6. Inspect the pump for excessive wear and the bearing inner track. Ensure all snap 


damage. With the gerotor assembly 
positioned in its housing, measure the 
clearances between the outer rotor and 
housing using a feeler gauge positioned 
in four places around the periphery of the 
rotor, Figure 52. Also measure the inner 
rotor to outer rotor tip clearance. If the 
clearances are not within specification, 
see Specifications, Section E, Chapter 6, 
install a new pump assembly. 


using a Suitable diameter tube pushing on 


50 


rings are in good condition. 


Torque Limiting Clutch and Sprung 
Damper Hub Drive Assembly — Removal, 
Inspection and Replacement 


The torque limiting clutch and sprung damper 
hub assembly, Figure 54, bolted to the engine 
flywheel should be removed and inspected. 


1. 


Before removing the assembly from the 
engine flywheel, release the torque limit- 


7. Again with the rotor assembly installed in 
the pump body, place a straight edge ing clutch spring loading by screwing into 
across the pump body. Measure the the identified holes six one inch long 1/4 — 
clearance between the straight edge and 20 UNC bolts. Remove the assembly by 
the inner rotor, and the straight edge and unscrewing the retaining bolts. 
pistol pl gids Killin 2. The input shaft is retained to the damper 
Specifications, Section E, Chapter 6 In- assembly by a snap ring on ine Dynes! 
Stall a new pum 0 side of the damper, whether this snap ring 
is removed is determined by the conclu- 
8. Inspect the P.T.O. shaft bearing for wear sions of the following inspection stages. 
aniCPHOOSe ness: 3. Inspect the input shaft spline for wear and 
9. Inspect the P.T.O. shaft for damage and fretting, and inspect for any looseness be- 
wear at its splined ends. tween it and the damper assembly. If nec- 
10. Reassemble the pump and P.T.O. shatt seat acltal Liners nngrand: cepa 
following the disassembly procedure in 
reverse, heat and press on the bearing 4 Inspect the bearing in the centre of the fly- 


wheel for wear and looseness, if neces- 
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Figure 54 
Torque Limiting Clutch and Sprung Damper Hub 
. Engine Flywheel 5. Retaining Bolts x 6 8. Input Shaft 
. Flywheel Retainer 6. Load Release Bolts x 6 9. Sprung Damper Hub and 
. Pilot Bearing 7. Pressure Plate Clutch Lining 
. Snap Ring 


sary extract the bearing using a slide 9. Tighten the pressure plate retaining bolts 
hammer and pulling attachment, tool nos. to the specified torque, see Specifica- 
943 and 9435S or 9507 and 9567. Install a tions, Section E, Chapter 6. 

new bearing using a suitable driver. 


Inspect the lining face and the sprung hub 
for wear of the lining face and looseness 
of the springs in the spring pocket area. 


Inspect the pressure plate assembly for 
excessive wear or scoring, any evidence 
of heat generation exhibited by "blueing” 
of the pressure plate surface will indicate 
that the pressure plate has been sub- 
jected to a high degree of slippage and 
therefore should be replaced. 


Reassembly of the torque limiting clutch 
and sprung hub assembly follows the dis- 
assembly procedure in reverse. 


Ensure that the tension in the pressure Figure 55 
plate is released by the placement of the Installing Centre Section on to Front Housing 
release bolts prior to assembly to the en- 1. Lifting Eye ah aGasket 

gine flywheel. 2. Centre Section 4. Guide Rods 
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Figure 56 


Transmission Housings Retaining Bolt Tightening 


Sequence 


Tighten the bolts in the sequence 
shown starting with no. 1 


10. Ensure, after the pressure plate retaining 


bolts have been fully tightened, that the 
release bolts are removed. 


REASSEMBLY 


Speed Clutches and Front Housing 


1. 


Install the main input gear and carrier as- 
sembly into the front of the front housing. 
Tighten the 4 retaining bolts to the speci- 
fied torque. See Specifications, Section E, 
Chapter 6. 


Reassembly of the speed clutches into 
the front housing follows the disassembly 
procedure in reverse. 


Ensure that the sequence of disassembly 


is exactly reversed when installing each 


assembly. 


Liberally lubricate each assembly with 
transmission/rear axle oil, ensuring each 
bearing and each of the annular groove 
areas is fully coated. 
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Figure 57 
Control Valve Retaining Bolt Tightening Sequence 


Tighten the bolts in the sequence 
shown starting with no. 1 


5. Ensure the guide rods, Figure 55, are 


threaded into the front housing and a new 
gasket is used before installing the centre 
section. During this operation it is essen- 
tial that the centre section is lowered ina 
fully aligned condition if the annular 
grooves and seals of the speed clutch 
shafts and the shaft bearings are to enter 
the housing without damage. 


Directional Clutches and Rear Housing 


1. 


Reassembly of the three directional 
clutches, the transfer gear and the two 
gear cluster, again follows the disassem- 
bly procedure in reverse. 


As with the speed clutches ensure that the 
sequence of disassembly is exactly re- 
versed during reassembly. 


Ensure that the transfer gear assembly, 
which is the first item to be positioned in 
the centre housing, is wedged to prevent 
its front bearing entering its bore before 
the other components are in position. 


. Thoroughly lubricate the annular grooves 
and seals on the front end of the clutch 
shafts and the bearings. 


Install the F2 clutch oil splash shield, tight- 
ening the two retaining bolts to the speci- 
fied torque. See Specifications Section E, 
Chapter 6. 


. Install a new gasket before lowering the 
rear housing onto the centre section and 
ensure the rear housing is_ perfectly 
aligned to allow the bearings to enter 
there bores cleanly. Slight bumping of the 
rear housing may be necessary to fully 
seat the housing. 


. Remove the guide rods and install the 19 
housing retaining bolts tightening these 
bolts in the sequence shown in Figure 56, 
progressively to the specified torque. See 
Specifications, Section E, Chapter 6 


. Using new ”O” ring seals around the inlet 
and outlet ports, install the hydraulic 
pump assembly, tightening the retaining 
bolts to the specified torque. See Specifi- 
cations, Section E, Chapter 6. 
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Install the control valve assembly with a 
new gasket, tightening the retaining bolts 
in the sequence shown in Figure 57, pro- 
gressively to the specified torque. See 
Specifications, Section E, Chapter 6. 


INSTALLATION 


1. 


install the transmission as described in 
Chapter 3 PART 12 Separating the Trac- 
tor. 


Ensure all electrical components are cor- 
rectly installed. 


Fill the transmission with fresh oil to the 
quantity and type as described in the Op- 
erators Manual. 


Pressure Test and Calibrate the Trans- 
mission assembly as detailed in Chapter 
6, Powershift Transmission Calibration, 
Initial Tests and Limp Home, Wiring Cir- 
cuits, Trouble Shooting, Pressure Test- 
ing, Specifications and Special Tools. 
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F. OPERATING CONTROLS - OVERHAUL 


The operating controls consist of the Speed 
Control Lever and the Inching Pedal. 
Overhaul of the Speed Control Lever is 
covered in the following paragraphs. 


Refer to page 60 for the inching pedal 
overhaul procedure. 


SPEED CONTROL LEVER — REMOVAL 
AND DISASSEMBLY 


REMOVAL 


1. Position the tractor on a hard level 
surface, apply the parking brake and 
disconnect the battery. 


2. Remove the retaining bolts securing the 
speed control lever console lower cover, 
Figure 1, and remove the cover. 


3. Disconnect the electrical connectors to 
the filter restriction warning light and 


Figure 1 
Speed Control Lever Console 


1. Speed Control Lever Console 
2. Lower Cover 
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digital display which are housed in the 
speed control lever console. The 
connections to the oil filter restriction 
warning light are push on spade type 
connectors which attach directly to the 
light assembly. The digital display 
connector is of the plastic moulded push 
fit design. 


Remove the retaining screws securing 
the console and lift the console from the 
lever. : 


Disconnect the speed control lever 


connector, Figure 2. 


Remove the "limp home” switch and delay 
relay mounting bracket retaining bolts, 
also shown in Figure 2. 


While supporting the speed control lever 
remove the two control assembly 
mounting bolts, and lift the assembly from 
the side of the cab. 


——. 


Speed Control Lever Installation 


Speed Control Lever 

Speed Control Lever Mounting Bolts 
Speed Control, Lever Connector 
Switch and Relay Mounting Bracket 


Figure 3 Figure 4 
Removing Caption Insert Knob and Detent Rod Return Spring 
1. Thin Bladed Screwdriver 1. Knob Retaining Bolt 
2. Plastic Caption Insert 2. Detent Rod Return Spring 


DISASSEMBLY 


1. Using a thin bladed screwdriver remove 5. Lift off the detent return spring housing 
the plastic caption insert from the top of and washer, Figure 7. 
the speed control lever, Figure 3. 


2. Unscrew the exposed knob retaining bolt, 
and remove the knob and detent rod 
return spring, Figure 4. 


3. With the speed control lever in the reverse 
position, press down on the detent rod 
return spring housing and using a thin 
bladed screwdriver pry on the flat surface 
of the detent rod retainer until it pops out 
of the housing, Figure 5. This may require 
several attempts. 


| Figure 5 
Removing Detent Rod Retainer 


Thin Bladed Screwdriver 

Detent Rod Retainer 

Detent Rod Return Spring Housing 
Lever 


4. Lift out the detent rod from the speed 
control lever, Figure 6. 


— we Ns 
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Figure 6 Figure 7 
Removing Detent Rod Removing Detent Rod Housing 
1. Detent Rod 1. Detent Rod Return Spring Housing 
2. Washer 
3. Snap Ring 


6. Remove the gaiter (boot) retaining snap 10. Remove the snap ring from the opposite 


ring from the lever, also shown in Figure 7, 
and pull the gaiter (boot) away from the 
lever assembly. 


Remove the exposed snap ring, shown in 
Figure 8, from the lever shaft. 


8. Remove the four retaining screws that 


secure the position gate plate to the lever 
assembly, Figure 8. Lift the position gate 
plate and circuit board assembly from the 
lever. 


Remove the four screws from the bottom 
of the control lever that secure the pivot 
block assembly to the support housing. 
Withdraw the pivot block and lever 
assembly from the housing. 
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end of the shaft which supports the 
centring spring and its plastic bushing. 
Refer to Figure 9. 


Figure 8 
Position Gate Plate and Circuit Board Assembly 


1. Snap Ring 
2. Circuit Board Assembly 
3. Position Gate Plate 


Figure 9 
Centring Spring Support Shaft 


1 Shaft 
2 Snap Ring 


3 Centring Spring 


11. Carefully push the shaft sufficiently 
through the mounting block to enable the 
leg of the spring to be disengaged with 
the supporting stop pin on the pivot 
block to release the tension in the spring, 
Figure 10. Remove the spring, bushing 
and shaft from the pivot assembly. 


WARNING; Handle the spring with extreme 
care while pushing the shaft through the 
mounting block.The spring is compressed 
and will unwind with force. 


12. Remove the detent springs from each 
side of the pivot block . See Figure 11. 
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2 Centring Spring 


Figure 10 
Pivot Block and Lever Assembly 


3 Detent Spring 
4 Stop Pin 


Bushing 


NOTE: The detent springs can be replaced if 
necessary without disassembly of the speed 
control lever. 


Figure 11 
Removing Detent Spring 


1. Detent Spring 2. Detent Pin 
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14. Plate 

15. Neutral Locking Plate 
16. End Plate 

17. Detent Spring 

18. Allen Screw 


\ 


PSF 12 
Figure 12 

Pivot Block Assembly Exploded View 
1. Snap Ring 8. Washer 
2. Shaft 9. Snap Ring 
3. Washer 10. Allen Screw 
4. Wavy Washer 11. Detent Spring 
5. Washer 12. End Plate 
6. Pivot Block and Lever 13. Allen Screws 
7. Washer 


13. Remove the two bolts securing the neutral 
locking plate to the base of the pivot block 
assembly and separate the .plate from the 
base. Refer to Figure 12. 


14. Remove the snap ring from the pivot pin 
which passes through the pivot block. 
Push out the pin and separate the 
components. 


INSPECTION AND REPAIR 


1. Separate the circuit board and spacer 
assembly, Figure 13, and examine the 
sliding shunt plates for signs of scoring or 
damage to the slots which will prevent 
satisfactory operation and movement of 
the controls. 
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Figure 13 
Circuit Board and Spacer Assembly 


Circuit Board 

Sliding Shunt Plate — Forward, Neutral, Reverse 
and Safety Start 

Sensing Magnet Housing 

Sliding Shunt Plate — Upshift and Downshift 


a 


2. Inspect the circuit boards for damage and 
replace if the plastic housing or reed 
switch glass housings are broken. 


3. Examine the sensing magnet housing for 
damage and replace if necessary. 


4. Examine the centring spring and plastic 
bushing for wear or damage. 


5. Examine the bushings in the pivot block 
end caps for wear and install new bushes 
if worn. 


6. Visually inspect all remaining 
components for other signs of wear or 
damage and replace as necessary. 


REASSEMBLY 


Reassembly of the speed control lever follows 
the disassembly procedure in_ reverse, 
however the following points should be 
observed to ensure correct assembly. 


1. Lubricate the pivot block components with 
a suitable grease to ensure smooth 
operation. 


2. Ensure the wavy washer installed in the 
pivot block assembly is positioned in the 
location shown in Figure 12. It should be 
observed that only one washer of this 
design is installed in the pivot block 
assembly. 


3. When installing a new centring spring 
ensure that both legs of the spring contact 
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the stop pins on the pivot block which are 
sandwiched between the legs. If both legs 
do not touch the pins free play will be 
noticed in the sideways (upshift and 
downshift) movement of the speed control 
lever. To eliminate free play bend the legs 
of the spring at approximately the halfway 
point along their straight length, Do Not 
bend at the existing bend on the start of 
the coil. When bending the legs also 
ensure after assembly that the body of the 
spring is parallel to the pivot block, failure 
to observe this requirement will result in 
the lever not being central to its left and 
right movement. Some trial and error may 
be required to satisfy these requirements. 


4. Before installing the circuit board, ensure 
the shunt plates, shown in Figure 13, are 
positioned exactly as shown in Figure 13. 


5. When installing the detent rod retainer 
hold the detent return spring housing in 
the up position to ensure that the rod is 
fully seated in the slot in the housing. the 
retainer can then be snapped into the 
housing where its upper face will be flush 
with the top of the housing. 


6. Ensure that the insert in the top of the 
control lever knob is correctly positioned 
with regard to the shift pattern printed on 
the insert. 


INSTALLATION 


Installation of the Speed Control Lever follows 
the removal procedure in reverse. 


Should the Speed Control Lever not perform 
to expectation, refer to Trouble Shooting, 
Section C, in Chapter 6. 


1. 


Figure 14 
Inching Pedal Installation 


Securing Bolt 
2. Securing Bolt 
3. Switch and Potentiometer Connectors 


INCHING PEDAL — REMOVAL AND 
DISASSEMBLY 


REMOVAL 


Remove the front console lower shroud to 
expose the inching pedal securing bolts, 
Figure 14. 


Disconnect the two harness connectors to 
the switch and potentiometer. 


Remove the pedal box bracket securing 
bolts and withdraw the inching pedal 
assembly from the cab. 


DISASSEMBLY 


This Procedure details the disassembly of the 
complete inching pedal assembly. Where it is 
required to replace only the switch or 
potentiometer it is not necessary to remove 
the complete pedal assembly from the tractor. 


PART 5 — TRANSMISSION SYSTEMS 


With reference to Figure 15: 


Disconnect and remove the inching pedal 
switch. 


Remove the potentiometer adjustment 
nut, and disconnect the adjustment arm 
from the potentiometer. 


Remove the clevis pin and lift the 
potentiometer from the pedal assembly. 


Disconnect the potentiometer control arm 
and link from the pedal by pressing 
against the plastic retaining clip. The link 
and control arm are also held together 
using the same type of plastic clip and can 
be separated in a similar manner. 


5. Using a suitable punch drive the roll pin 


from the pivot shaft, slide the shaft 
through the pedal and separate the pedal 
and return spring from the bracket. 


INSPECTION 


1. 


Inspect all components for wear and 
replace as necessary. To ensure the 
smooth operation of the pedal the plastic 
bushings must be replaced. 


If the inching pedal switch’ or 
potentiometer are known to be defective 
then they must be replaced as 
recalibration of the inching — pedal 
assembly and subsequent operation of 
the tractor will be impaired. 
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Figure 15 
Inching Pedal Assembly — Exploded View 


1. Bump Stop 7. Link and Clips 
2. Switch 8. Pot. Control Arm 
3. Bush 9. Nut 

4. Spring 10. Washer 

5. Pedal 11. Guide 

6. Bush 

REASSEMBLY 


1. Reassembly of the inching pedal follows 
the disassembly procedure in reverse. 
During reassembly ensure the slot in the 
switch body is positioned as shown in 
Figure 16. 


INSTALLATION 


1. Install the inching pedal assembly and 
tighten the retaining bolts to the specified 
torque. See Specifications, Section E, 
Chapter 6. 


2. Reconnect the connectors for the switch 
and potentiometer. 


3. Recalibrate the inching pedal as detailed 
in Chapter 6, Section A, Calibration, Initial 
Tests and Limp Home. 


4. Install the lower console and test drive the 
tractor to ensure correct operation of the 
inching pedal. 


61 


12. Spring 17. Potentiometer 

13. Washer 18. Adjust Bracket 

14. Nut 19. Roll Pin 

15. Adjust Arm 20. Pedal Support Pin 
16. Cotter Pin 21. Pedal Box Bracket 


Figure 16 
Inching Pedal Switch Installation 


1. Slot 3. Slot 


2. Switch 
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G. HYDRAULIC CONTROL VALVE — OVERHAUL 


REMOVAL AND DISASSEMBLY 


If the transmission is already removed from 
the tractor, remove the control valve assem- 
bly as described in Section E. If the control 
valve is to be removed from the tractor pro- 
ceed as detailed in the following paragraphs. 
Note that it is possible to remove certain valv- 
ing elements from the main valve assembly 
without removing the whole assembly from 
the tractor. Refer to the relevant step as re- 


quired. 
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Removal Of The Complete Valve Assem- 
bly From The Tractor 


1. Position the tractor on a hard level | Figure 2 
Control Valve Solenoid Harnesses and Connectors 


surface and apply the parking brake. 
Right — hand 8 Pin Connector 


2. Disconnect the battery and remove the . Right —hand 4 Pin Connector 
. Left-hand 4 Pin Connector 


th 
2 
3 

rear axle oil drain plug. Be prepared to 4. Left-hand 8 Pin Connector 
3 


receive 21.1 Imp. Galls. (25.3 U.S. Galls, 
Unbolt the footstep assembly to provide 


96 ltrs) of oil. Note that in removing the 
main control valve the sump passages access to the control valve assembly, 
Figure 1. 


will be opened to atmosphere. 
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Figure 1 Figure 3 
Right-hand Foot Step Assembly Control Valve Pump and Cooler Oil Tubes 
1. Footstep Retaining 2. Coolant Filter 1. Filter to Control Valve 6. ToPTO, Brakes and 
Bolts 3. Footstep Assembly 2. ToCooler Output Shaft 
3. From Cooler Lubrication Circuits 
4. Filter 7. Pump to Filter 
5. To Diff Lock 8. To Brake Circuit 
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Figure 4 
Control Valve Retaining Bolt Loosening Sequence 


Loosen and remove in the sequence shown 
starting with bolt No. 22 


4. Disconnect and release the four 
separate harnesses connecting the 
solenoids to the main control circuit 
harness, Figure 2. 


5. Disconnect the pump oil tube from the 
transmission filter and the inlet port of the 
control valve and remove the tube, 
Figure 3. 


6. Disconnect the low pressure circuit 
supply tubes leading to the tractor 


P.T.O., brake, four wheel drive 
engagement clutch, and _ lubrication 
circuits, Figure 3. If necessary 


disconnect these tubes at the opposite 
ends to provide access and clearance 
during valve assembly removal. 
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7. Disconnect the cooler to control valve 
tube from the valve, Figure 3, if 
necessary loosen or remove the tube to 
provide access. 


8. Following the numbered sequence 
shown in Figure 4, loosen each of the 22 
retaining bolts, start with bolt no. 22, and 
progressively loosen in decreasing 
order. Remove all but two bolts. 


9. With the help of an assistant, support the 
valve assembly and remove the last two 
bolts. Carefully remove the control valve 
ensuring the solenoid harnesses are not 
snagged or caught. 


DISASSEMBLY 


Disassembly of the control valve embraces 
removal of the six speed clutch circuit valves 
and the three directional clutch circuit valves. 
All these nine valves are identical in the dis- 
assembly procedure.|n addition, the two mod- 
ulator valves for directional clutch control are 
similar and the same respective procedure 
applies to both. The remaining regulating 
valve is unique in its removal procedure. 


Before commencing disassembly consider if 
the whole assembly requires inspection or 
overhaul, if it is required or suspected that this 
is the case then remove all solenoids and har- 
nesses to avoid accidental damage. If only 
one or two circuits are suspect, then individual 
solenoids may be removed. 
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Figure 5 
Identification of the Control Valve Solenoids Relative to the Positions in the Casting Body 


1. Speed Clutch B Solenoid 5. Reverse Clutch Directional 8. F1 Directional Clutch Solenoid 

2. Speed Clutch C Solenoid Solenoid 9. System Pressure Sender Switch 

3. Speed Clutch A Solenoid 6. F2 and REV Directional Clutch 10. Speed Clutch 2 Solenoid 

4. F1 Directional Clutch Modulator Solenoid 11. Speed Clutch 1 Solenoid 
Modulator Solenoid 7. F2 Directional Clutch Solenoid 12. Speed Clutch 3 Solenoid 

Solenoids previous paragraph, it is desirable that 


1. Identify eacn of the eleven solenoids to 
its respective valve by marking each with 
a suitable marker pen, use the same 
coding that is cast into the valve body, 
eg.1,2.3. and A,B,C, for the speed clutch 
circuit valves, F1, F2 and REV for the 
directional clutches, and MC1 and MC 2 
for the modulator valves, Figure 5. 


2. Remove the solenoid retaining lock nut 
and slide the solenoid from the valve 
core, Figure 6. Repeat for each solenoid. 


Speed and Directional Clutch Circuit 
Valves 


1. Identify the valve core to its port using the 
same codification described under the 
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valves are reassembled into the mating 
valve bore and not intermixed. However, 
each circuit valve is serviced separately 
and may be renewed without replacing 
the valve body. Unscrew the valve core 
and extract the valve spool and the spring, 
Figure 7. Insert the spool in the valve core 
in order to prevent intermixing with other 
clutch circuit valves. 


2. Repeat step 1 for each speed and 
directional clutch circuit valve. 


NOTE: The speed clutch circuit valves differ 
from the directional clutch valves in that the 
waisted section of speed clutch valves is 
shorter than that of directional clutch circuit 
valves, Figure 8. 
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Figure 6 Figure 7 


g 
Solenoid Removed from Vaive Core Valve Core, Spool and Spring Removed 
1. Solenoid Coil 3. Valve Core 1. Valve Core 3. Spring 
2. Retaining Nut 2. Spool Assembly 
Modulator Valves 5. Repeat steps 1-5 for removal of the 


second modulator valve, filter and orifice. 
1. Identify the valve core to its port using the 
same codification described under 
*solenoids”. Unscrew the valve core and NOTE: A pressure sender is fitted in the MC 1 
pilot valve assembly, Figure 9. modulator valve pilot bore in place of a plug, 
Figure 12. 


2. Lightly grip the core hexagon head in a 
vice, and unscrew the pilot valve seat, and 
remove the pilot valve and spring, Figure 
10. 


3. From the opposite side of the valve body, 
unscrew the port plug and gather the main 
spool which will be ejected by the spring 
and retrieve the spring from the bore, 
Figure 11. 


4. Using a %« in. hexagonal wrench (allen 
key), unscrew and remove the small 
blanking plug situated above the MC2 


modulating valve bore, Figure 12. Using Figure 8 

a % in. hexagonal wrench unscrew and Speed and Directional Clutch Circuit Valves 
remove the in-line metal filter. Finally 1. Speed Clutch Valve (Shorter Waisted Section and 
using a %2 hexagonal wrench, unscrew Feathered Lands) 


and remove the threaded orifice. 2. Directional Clutch Valve 
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Figure 9 Figure 10 
Modulator Valve Core and Pilot Valve Assembly Pilot Valve Seat Unscrewed from Valve Core 
Memovedarom Valveogy 1. Valve Core 4. ”O” Ring Seal 
1. Valve Core 3. Pilot Valve Seat 2. Pilot Valve Spool 5. Spring 
2. “O” Ring Seal 4. "O” Ring Seal 3. Pilot Valve Seat 6. "O” Ring Seal 
Regulator Valve 4. Inspect the outer end of the spool 


checking that the orifice in the removable 
inner plate is not restricted. If necessary 
1. Unscrew the large headed plug on the the retaining snap ring may be removed 
forward facing side of the control valve and the plate extracted for cleaning. 
body, Figure 14, and collect the 
regulating valve springs. 


CAUTION: The regulating valve springs are 
highly loaded, take care when unscrewing the 
plug that these springs are not lost or ejected 
as to cause physical injury. 


2. Upturn the valve body and collect the 
orifice washer from the spring bore, 
shown in Figure 14. 


3. From the opposite side of the valve body 
unscrew the regulating valve spool plug 
and using a soft probe inserted through 
the spring bore, push out the spool. Note 
that there will be adjusting shims, 


normally seated on the end of the spool, Figure 11 

be sure these are present and that none Modulator Valve Spool and Spring 
have remained inside the spool bore, 1. Spring 3. Port Plug 
Figure 13. 2. Spool 4. "O” Ring Seal 
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Figure 12 
Pilot Filter and Orifice 
1. MC2 Port Plug 5. Pressure Sender 
2. Orifice 6. Filter 
3.- Filter 7. Orifice 
4. Plug 8. MC1 Port Plug 
5. Anexploded view of the complete control 


valve assembly is shown in Figure 15. 


Lubrication and Cooling Circuit Relief 
Valve 


A relief valve protecting the lubrication and 
cooler circuit is positioned in the centre sec- 
tion of the transmission main housing. Should 
the function of this valve be suspect it will be 
necessary to destroy the valve in order to re- 
move it. Ensure before removal that a re- 
placement valve is available. 


1. Using a 3/s-16 UNC bottom tap, cut a 
thread in the relief valve plug in order to al- 
low extraction, Figure 16. 


2. Locally fabricate an adaptor that will allow 
a slide hammer such as the hammer com- 
ponent of pilot bearing puller tool no. 
954C, or 9508, to be connected to a 
threaded bolt screwed into the relief valve 


plug. 


Figure 13 
Regulating Valve Spool and Adjustment Shims 
1. Shims 4. "O” Ring Seal 
2. Spool 5. Orifice and Snap Ring 
3. Plug 


3. Using the adaptor and slide hammer ex- 
tract the plug, valve and spring, Figure 17. 


4. Install a new valve, spring and plug in the 
centre section, gently driving the plug into 
its bore. 


Figure 14 
Regulator Valve Plug and Springs 
1. Orifice Washer 4. "O” Ring seal 
2. Inner Spring 5. Outer Spring 


3. Plug 
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Figure 15 

Main Control Valve Assembly — Exploded View 
1. Clutch Circuit Valve B 13. Mod. Valve Spool Spring 25. Reg. Valve Spool Plug and Seal 
2. Clutch Circuit Valve C 14. Mod. Valve Spool 26. Reg. Valve Orifice Snap Ring 
3. Clutch Circuit Valve A 15. Pilot Valve Seat and Seal 27. Reg. Valve Orifice 
4. Reg. Valve Orifice Washer 16. Valve Body 28. Reg. Valve Spool 
5. Reg. Valve Inner Spring 17. Mod. Valve Spool Spring 29. Reg. Valve Spool Shims 
6. Reg. Valve Outer Spring 18. Mod. Valve Spool 30. Clutch Circuit Valve 2 
7. Reg. Valve Plug and Seal 19 Mod. Valve Plug and Seal 31. Clutch Circuit Valve 1 
8. Mod. Vaive MC1 20. Mod. Pilot Filter, Plug and Orifice 32. Clutch Circuit Valve 3 
9. Circuit Valve Spool 21. Clutch Circuit Valve F2 33. Clutch Circuit Valve Spool 
10. Circiut Valve REV 22. Clutch Circuit Valve F1 34. Clutch Circuit Valve Spool Spring 
11. Circuit Valve Spool Spring 23. Mod. Pilot Filter and Orifice 
12. Mod. Valve MC2 24. Pressure Sender 
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Figure 16 
Cutting Thread in Relief Valve Plug 


1. Relief Valve Plug 
2. 3/s—-16 UNC Bottom Tap 


INSPECTION AND OVERHAUL 


NOTE: /t is important to keep all components 
identified to their respective areas and bores. 


Clean all parts in a suitable solvent and 
dry thoroughly using a clean, lint free 
cloth or compressed air. 


Inspect all spool and valve components 
for wear and damage, ensure each spool 
and valve component moves freely in its 
respective bore without sticking or bind- 


ing. 


Ensure that each clutch circuit valve has 
its end piece securely retained to the 
spool end. 


Remove each valve core and blanking 
plug ”O” ring seal and replace with new 
items. 


Inspect the valve return/damper springs 
for breakage or deformation, comparing 
these items with a new spring. Note that 
all 9 clutch circuit valve return/damper 
springs are identical and that the 6 speed 
clutch circuit valves are identical. Simi- 
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Figure 17 
Using Slide Hammer and Adaptor to Remove Relief 
Valve 


larly the 3 directional clutch circuit valves 
are identical. See Figure 8. 


Inspect the modulator valve main spool 


return springs for damage and deforma- 
tion. Compare these items with a new 


spring. 


7. Inspect the modulator valve pilot line filter 
screens, either clean or renew. 


8. Inspect the valve body for internal cracks 
and external damage. 


REASSEMBLY 


1. Reassembly of the control valve follows 
the disassembly procedure in reverse 


2. Apply a thread sealant, see Specifica- 
tions, Section E, Chapter 6, to the threads 
of the pressure test port plugs if these 
have been removed or displayed evi- 
dence of leakage. 


3. Refer to Specifications, Section E, Chap- 
ter 6, for all tightening values of valves 
cores, plugs solenoid retainers and other 
components. 


INSTALLATION 


de 


Installation of the control valve follows the 
removal procedure in reverse. 


Ensure a new gasket is used. 


To aid repositioning of the valve on to the 
transmission centre section make up two 
suitably threaded guide studs long 
enough to be gripped and removed, and 
loosely screw these into the centre sec- 
tion. With the help of an assistant, care- 
fully lift the contro! valve onto the two 
studs, install the retaining bolts and re- 
move the two guide studs. 


Tighten the 22 retaining bolts in the se- 
quence shown in Figure 18, to the torque 
value stated in Specifications, Section E, 
Chapter 6. 


Reconnect all tubes and fittings and refill 
the transmission and rear axle with oil, to 
the specification, as stated in the Opera- 
tors Manual. 


Pressure test and adjust the regulator and 
modulator valves as detailed in Chapter 6 
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Figure 18 


Control Valve Retaining Bolt Tightening Sequence 


Install and tighten in the sequence shown 
starting with bolt No. 1 


Calibration, Initial Tests and "Limp 
Home”, Wiring Circuits, Trouble Shooting, 
Pressure Testing, Specifications and 
Special Tools. 
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H. ELECTRONIC MANAGEMENT SYSTEM —OVERHAUL 


The Electronic Management System 
basically consists of the Transmission Control 
Module or TCM and the Display unit. Overhaul 
of these components is limited to removal and 
replacement. No disassembly of the TCM or 
the display is possible nor would such action 
achieve any meaningful result. 


REMOVAL 
Digital Display 


Before replacement or removal of the digital 
display, ensure that any suspected fault with 
the display, has been confirmed or checked in 
accordance with the instructions contained in 
Trouble Shooting, Section C in Chapter 6. 


1. Position the tractor on a hard level 
surface, apply the parking brake and 
disconnect the battery. 


2. Remove the retaining bolts securing the 
speed control lever console lower cover, 
Figure 1, and remove the cover. 


SS 
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Figure 1 
Speed Control Lever Console 


1. Speed Control! Lever Console 
2. Lower Cover 
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3. Remove the retaining screws securing 
the console. 


4. Disconnect the electrical connectors to 
the filter restriction warning light and 
digital display which are housed in the 
speed control lever console. The 
connections to the oil filter restriction 
warning light are push on spade type 
connectors which attach directly to the 
light assembly. The digital display 
connector is of the plastic moulded push 
fit design. 


5. Remove the console from the speed 
control lever, 


6. Separate the digital display by releasing 
the clips and pressing it from the console. 


Transmission Control Module (TCM) 


Before replacement or removal of the TCM, 
ensure that any suspected fault, has been 
confirmed or checked in accordance with the 
instructions contained in Trouble Shooting, 
Section C in Chapter 6. 


Figure 2 
Transmission Control! Module (TCM) Installation 


TCM 

Retaining Bolt 

Main Harness Connector 
Console Lower Cover 


1. Position the tractor on a hard level 
surface, apply the parking brake and 
disconnect the battery. 


2. Remove the retaining bolts securing the 
speed control lever console lower cover, 
Figure 1, and remove the cover. 


3. Unscrew and disconnect the TCM 


harness connector. 


4. Remove the retaining bolt, and slide the 
TCM from its supporting bracket. 


INSTALLATION 
Digital Display | 


Installation of the digital display follows the 
removal procedure in reverse. Should the 
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display not give the expected readout, refer to 
Trouble Shooting, Section C in Chapter 6. 


Transmission Control Module (TCM) 


Installation of the Transmission Control 
Module (TCM) follows the removal procedure 
in reverse. 


IMPORTANT: As the TCM is new, or is a 
replacement, the performance characteristics 
for control of the directional clutches will need 
to be established. Perform the "Clutch Torque 
Calibration” procedure as detailed in Chapter 
6, Section A. 


Should the TCM not function to expectation, 
refer to Trouble Shooting, Section C in 
Chapter 6. 
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A. CALIBRATION, INITIAL TESTS AND LIMP HOME 


It is recommended that the descriptive 
sections in Chapter 5 be read and fully 
understood before embarking on_ the 
calibration procedures. Certain procedures 
and terminology may confuse the reader if a 
basic appreciation of the transmission control 
and electronic management system has not 
been previously acquired. 


NOTE: 7he term used to Cescribe setting the 
display module in a diagnostic mode is 
termed POWER UP. To enter this mode stop 
the engine and turn the key start off. Place the 
speed control lever in the position as 
instructed for the particular test and hold in 
this position, turn on the key start and the 
display will enter the diagnostic mode. 


INITIAL TRACTOR TESTS 


This procedure should be performed when 
a Change has occurred to the transmission 
control system that might affect system 
performance. This includes but is not limited 
to the following: 


New Installation 
Repaired System 
Reported Defective System 


1. With the engine stopped. turn the keystart 
switch to “ON” with the speed control in 
neutral. 


2. Check that display shows N7. If display 


flashes "F” (Forward) or ’R” (Reverse). 
the speed control assembly. the wiring 
harness. or the TCM is defective. If dis- 
play flashes °U” (Upshift) or ‘d” 
(Downshift). the speed control assembly. 


the wiring harness, or the TCM is defec- 
tive. | 


3. Check that the display does not show any 
diagnostic error codes. If so, determine 
the source and correct before proceeding. 


4. Check that the solenoid operation is cor- 
rect as follows, and as shown in the chart 
opposite: Downshift to N1. Check that all 
solenoids are off by touching the end of 
the solenoids (locking nut end) with a 
screwdriver and “feeling” for the magnetic 
field. 


Move the speed control lever to forward 
and check that the display shows F1. 
Check that ’ON” solenoids are on and 
OFF” solenoids are off by touching the 
end of the solenoids with a screwdriver 
and “feeling” for the magnetic field. 


NOTE: Use a screwdriver not previously 
magnetized. 
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5. Repeat Step 4 for the following speeds: 
Forward 5th, 9th, and 10th. and Re- 
verse 4th. 


6. Check for correct inching pedal adjust- 
ment by entering the inching pedal test 
mode and checking the pedal position ref- 
erence numbers. 


7. Proceed to the clutch torque calibration. 


ROAD TESTS 


All tests should be performed on a course of 
Sufficient length to allow tractor speed 
changes and speed shifting. All tests are to be 
performed at both 1200 and 2200 + 20 engine 
rev/min and with the speed control lever 
programmed for a_ reverese speed of +1. 
Refer to Chapter 5 Section B for instructions 
On programming reverse speeds. 


Inching Test 


Perform the following test in speeds F 1, F I0, 
and R 4. 


1. With the inching pedal fully depressed 
and the speed control lever in forward 1, 
check that the tractor does not move. 


2. Let the inching pedal out slowly until the 
clutch switch activates, (an audible click 
should be heard). Hold the inching pedal 
in that position for at least 3 seconds, 
checking that the tractor does not move. 


3. Let the inching pedal out very slowly and 
check that the tractor inches slowly. 


4. Repeat steps 1, 2, and 3 for speeds 
forward 10 and reverse 4. 


Speed Range Test 


With the inching pedal released perform the 
following tests. 


1. Start the engine in the normal way, the 
display will show N7, but check that no 
error codes are displayed. 


2. Move the speed control lever to forward. 
The tractor should move smoothly into 
forward 7. 


3. While moving, down-shift to forward 1. 


4. While moving, up—shift from forward 1 
through each speed to forward 18. Allow 
at least 2 seconds in each speed. 


NOTE: Shifts should be smooth and 
progressive. 


5. While moving in forward 18, return the 
speed control lever to neutral and 
observe that the display counts down 
from neutral 18 through to neutral 13. 
When the display shows neutral 13, 
return the speed control lever to forward. 
Speed forward 13 will be engaged. If the 
display cycles to neutral 12 before the 
speed control lever can be returned to 
forward, speed forward 12 will be 
engaged. 


6. Downshift to forward 5 and while moving, 


shift the speed control lever to reverse 
(shuttle shift). The tractor should make a 
smooth transition into reverse 6. 


7. Upshift and downshift through all reverse 
speeds and check that no harsh shifts 
occur. Allow at least 2 seconds in each 
speed. 


8. Shift into reverse 11. Allow time for 
tractor speed to stabilise and move the 
speed control lever into forward. Check 
that the tractor makes a smooth transition 
into forward 10. 


CLUTCH TORQUE CALIBRATION 


This mode will automatically determine the 
currents (Amperage) required to control the 
clutch torque on the three directional clutches 
(F1, F2, and R) to a level that will load the 
tractor engine just enough to reduce the 
engine speed by 14 rev/min (10Hz). These 
three currents (in the form of a nominal 
reference pressure) are then stored in 
"non-volatile memory” (cannot be lost even if 
battery is disconnected) and used for all 
subsequent shifts. The purpose of this 
calibration process is to account for the time 
lapse that occurs when the TCM signals the 
control valve to energise a directional clutch. 
This time lapse or period is measured from 
the start of oil flowing from the circuit valve, 
caused by solenoid actuation, and the point 
where the clutch just starts to engage or bite 
just enough to cause the engine speed to 
drop by 14 rev/min. 


Test Preparation 


NOTE: /f the clutch calibration is to follow 
overhaul of the directional clutches or if the 
TCM has been replaced, the calibration 
procedure should be performed twice. In 
order to obtain the best possible calibration, it 
is necessary to have the transmission at 
normal operating temperature. To achieve 
normal operating temperature will involve 
driving the tractor. In the interests of 
predictable speed changes and safety, it is 
recommended that the calibration procedure 


is performed with the transmission cold and 
then a second time with the transmission at 
normal operating temperature. 


The parking brake should be applied. The foot 
brake should also be applied if the tractor is in 
a location where unexpected movement 
would be a problem. The tractor should not 
normally move during this procedure, 
however, precautions should be taken. It is 
important that the air conditioner, if fitted, is 
switched off. To prepare for vehicle 
calibration, perform the following steps: 


1. Set the engine to 1200 rev/min. 


2. Turn the keystart off, leaving the engine 
running, and move the speed control lever 
to the reverse downshift position. 


3. Whilst holding the lever in this position, 
turn the key start to the on position (not to 
the engine crank position) 


4. Verify that the Display is flashing "CC”’ 
(Clutch Calibration mode). 


5. Move the speed control lever to neutral. 


6. Refer to the following chart for periorming 
the remaining calibration steps: 


IMPORTANT: Whenever performing the 
clutch calibration procedure, always 
recalibrate all three clutches — F1 (Forward), 
F2 (Forward), and R (Reverse). 
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Test Procedure 


CLUTCH TO BE SPEED CONTROL 
CALIBRATED LEVER POSITION 


F— (Forward Down-shift) 
F+ (Forward Up-shift) 
R+ (Reverse Up-shift) 


F1 (Forward) 
F2 (Forward) 
R (Reverse) 


R- (Down-shift) 


Display All 
Calibration No’s 


1. Move the speed control lever into the 
position for the clutch to be calibrated as 
shown in the chart above. The speed 
control lever must be held in that position 
for the calibration period of that clutch. The 
TCM will set the pressure to the clutch 
being calibrated at 0 Ibf/in2 for three (3) 
seconds. During this time, the TCM 
makes a record of the engine rev/min 
frequency and uses this as a reference for 
detecting engine loading during the 
engagement of the particular clutch under 
calibration. The display will be flashing 
"30” during this time period. 


2. Continue to hold the speed control lever in 
the F1 position. After four (4) seconds, 
the TCM will set the pressure to 30 Ibf/ine 
and leave it present on the clutch for one 
(1) second. Thereafter, the pressure will 
be increased by one 1 Ibf/ine (0.7 bar) 
every second. The pressure is shown 
flashing on the display and will be 
displayed increasing in increments of 
one. When the TCM determines that the 
engine rev/min has dropped by 14 rev/min 
(10 Hz), the number appearing on the 
display is recorded and stored in the 
non-volatile memory. (Note that the 
Electronic Instrument Panel RPM display 
will not accurately show the 14 rev/min 
drop, this display shows only 10 rev/min 
increments.) 


NOTE: /f the engine speed drops by 14 
rev/min when the TCM initially sets the 
pressure to 30 Ibf/in2 (2 bar) the valve or 
some other system component is defective. 
The test sequence is stopped and the 


display flashes ”"EH” (Error High). This 
condition prevents further calibration and 
power must be removed to continue. If the 
TCM increases the pressure to the limit of 91 
lbf/in? and the engine rev/min has still not 
dropped, the display will flash "EL” (Error 
Low). This condition also prevents further 
calibration and power must be removed to 
continue. 


3. Record the calibration (pressure) number 
for possible future reference. . 


4. Return the speed control lever to neutral 
before starting the next clutch calibration. 


5. Perform the F2 and REV directional clutch 
calibration moving the speed control lever 
to the positions shown in the chart. Allow 
the procedure to run as described for F1. 


NOTE: The calibration numbers can be 
viewed for three (3) clutches by moving the 
speed control lever momentarily to Reverse 
Down-shitt. 


The display sequence will be as shown in the 
chart below. 


DISPLAY DURATION 
SEQUENCE (secs) 
1 
4 


F1 
F1 Calibration # 


(Blank Display) | — 0.5 


F2 
F2 Calibration # 


(Blank Display) 


REV 
REV Calibration # 


Check that all 3 calibration numbers are 
the same as they were recorded. 


To exit the calibration mode, switch off the key 
start and switch on in a normal manner with 
the speed control lever in the neutral position, 
the display should indicate N7. 


CHAPTER 6 


CONTROL PRESSURE TEST MODES 


This test procedure consist of two modes: 


50 Ibf/in2 (3.45 bar) Test Mode and 
Multiple Pressure Test Mode 


It is possible to sequentially move from the 
first mode to the next. To exit any Test Mode, 
Power—down and again Power—up in a 
normal manner. 


50 Ibf/in2 (3.45 bar) Test Mode 


To enter this mode, power-up with the speed 
control lever in forward upshift and the 
inching pedal released. 


IMPORTANT NOTE: F7 and F2 direct acting 
solenoids will be turned on in this mode. 
Therefore, caution should be used when 
operating in this mode. Ifone or more ‘letter’ 
clutches A, B, or C and one or more 
“Number” clutches 1, 2, or 3 are pressurised, 
the tractor could stall or move. It is 
recommended that the parking brake be 
applied and the “Number” clutches be 
disconnected (Disconnect the connector C9 
as illustrated in Section B, associated with I, 2, 
3, and CR). 


When in this mode, the TCM cycles pressure 
to both clutches (F1 and F2) between 50 
lbf/in2 (3.45 bar) and "LP” (low pressure — up 
to 25 Ibf/ine (1.7 bar)). The normal cycle time is 
2 seconds for “LP” and /7 seconds for 50 
lbf/in2 (3.45 bar). 


MC1 and MC2 can during this cycling be 
checked to verify that clutch pressure is 
between 30 and 70 Ibf/in@ (2-4.3 bar). The 
two pressures canbe checked at the ports 
on the valve body marked ”F1” and ’F2”. 


The pressures should be read using the 
specified pressure gauge, see Specifications 
at the end of this chapter, when the display 


shows 50 Ibf/in2 (3.45 bar). The "LP” pressure 
is a part of the test cycle to guarantee that the 
nominal 50 Ibf/in? pressure is approached 
from the same direction to give predictable 
hysteresis. 


Pressure measurements at ports °F1” and 
"F2” give clutch pressures — not PWM pilot 
pressures. 


The cycle time can be lengthened by a 
factor of 6 by moving the speed control lever 
to downshift. 


Multiple Pressure Test Mode 


To sequence from the 50 Ibf/in2 (3.45 bar) 
Test Mode to the Multiple Pressure Test 
Mode, move the speed control lever from 
forward to neutral and back to forward. Itis 
then possible to manually cycle between 
"LP” (low Pressure — up to 25 Ibf/in2 (1.7 bar)), 
50 (3.45 bar) and 90 Ibf/in@ (6.2 bar) by using 
upshift and downshift. 


Inching Pedal, Software Version and So- 
lenoid Test Mode 


To enter this mode, power up with the speed 
control lever in forward downshift and the 
inching pedal released. 


IMPORTANT NOTE: F7 and F2 direct acting 
solenoids will be turned on in this mode. 
Therefore, caution should be used when 
operating in this mode. If one or more 'Letter" 
(A, B, or C) clutches and one or more 
“Number” (1, 2, or 3) clutches are 
pressurised, the tractor could stall or move. 
It is recommended that the hand brake be 
applied and the "Number” clutches be 
disconnected (Disconnect the connector 
associated with 1, 2, 3, and CR). 


Figure 1 
Inching Pedal Potentiometer Adjustment 


1. Adjuster Nut 


Inching Pedal Position Adjustment. 


In this mode, the display shows the inching 
pedal position in reference numbers ranging 
from 0 to 99. 


With the inching pedal fully depressed, the 
reference number must be 18. 


lf 18 is not obtained it will be necessary to 
adjust the inching pedal potentiometer. Turn 
the adjuster nut shown in Figure 1 until the 
display registers the correct number. 


Releasing the inching pedal to the threshold 
point at where the switch just closes (slowly 
release the inching pedal until the switch just 
snaps or makes an audible click), the 
reference number must be 26. 


lf this number is not obtained loosen the 
switch bracket retaining bolt, Figure 2, and 
reposition the switch bracket, find the new 
threshold point until the reference number 26 
is obtained. 


PART 5 —- TRANSMISSION SYSTEMS 


| a 


ie K( 


LY 


ea 


PS6A-2: 


Figure 2 
Inching Pedal Switch Adjustment 
1. Switch Bracket Retaining Bolt 


Inching Pressure Monitoring versus 
Pedal Position 


During this mode, the PWM solenoids are 
controlling pressure to the F1 and F2 clutches 
(F1 and F2 direct acting solenoids are also 
on). This pressure can be measured at the 
pressure ports "F1” and ”F2”. 


With the inching pedal depressed, pressure 
must be approximately zero. With the inching 
pedal fully released, pressure must be 
between 240 — 260 Ibf/in2 (16.2 — 17.9 bar). 


Software Version Number Display. 


The software version number will be shown 
on the display by moving the speed control 
lever to the neutral downshift position. 


Solenoid Test 


The controller enters the "Solenoid Test 
Mode” by placing the speed control lever in 
reverse with no engine rev/min and no axle 
speed (i.e. Engine not running). Cycling from 
reverse to reverse upshift will cause 
solenoids to engage and disengage in the 
sequence shown in the following chart. 


NOTE: There is a0.5 second delay between 
each solenoid switching off and the next 
switching on. 


To return to previous test mode, move the 
speed control lever to neutral or forward. 
The "Solenoid Test Mode” is also exited if 
engine rev/min or axle speed is detected. 


lf the TCM detects a short to +12V line ona 
particular solenoid, that solenoid is disabled 
until system power is removed. 


SOLENOID UPPER LOWER | COMMENT 
ON DISPLAY | DISPLAY 


, 

2 

3 

A 

b 

C 
F 1 
F 2 
R = 
C r 
E | Special test 
E 2 mode for 
E 3 factory 
E 4 use 
E <) Repeats 

Cycle 


"LIMP HOME” PROCEDURE 


In the unlikely event of fault developing in the 
powershift transmission that renders the 
tractor immobile, an emergency "Limp Home” 
device has been provided to enable the 
tractor to be driven onto a transporter or 
hardstanding, in order that the repair can be 
performed in a suitable location. The "Limp 
Home” device is not and must not be used 
as a means to continue operating the tractor 
in its work environment. 


To engage and operate the "Limp Home” 
device, proceed as follows:— 


1. Apply the parking brake. 
2. Stop the engine and turn the keystart off. 


3. Remove the retaining bolts securing the 
speed control lever console lower cover, 
Figure 3, and remove the cover. 


4. With the keystart turned off separate the 
two halves of the main system connector 
and remove the cover from the "Limp 
Home” Connector, Refer to Figure 4. 


5. Plug the male half of the system connector 
to the female "Limp Home” connector, 
Figure 5. 


Figure 3 
Speed Control Lever Console 


1. Speed Control Lever Console 
2. Lower Cover 
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Figure 4 
Limp Home Components 
1. "Limp Home” Connector 


2. Main System Connector 
3. "Limp Home” Rocker Switch 


6. Start the engine and set the engine speed 
to idle. 


7. To make the tractor move, depress and 
hold down the ”Limp Home” rocker switch. 
If necessary depress the foot throttle to 
increase engine speed. Pressing the front 
of the "Limp Home” switch will cause the 
tractor to move forward, pressing the rear 
of the switch will cause the tractor to move 
backwards. 


NOTE: Continually depressing the end of the 
switch pointing towards the front of the tractor 
will engage the transmission and allow the 
tractor to move_ forward. Continually 
depressing the end of the switch pointing 
towards the rear of the tractor will allow the 
tractor to move backwards.With the "Limp 
Home” system connected, the TCM, the 


Figure 5 
Installation of Connectors for Limp Home Operation 


1. Main System Connector 
2. "Limp Home” Connector 


Speed Control Lever, the Inching Pedal and 
the Digital Display are all inoperative and will 
have no effect on the control of the tractor. 


IMPORTANT: Take care when per- 

forming this function that the tractor 
moves in the desired direction. If the limp 
home switch has been previously discon- 
nected by an unqualified person it is possi- 
ble for the switch to have been reinstalled 
the reverse way round 


When the tractor has been delivered to the 
repair area, disconnect the "Limp Home” 
connector and reconnect the system 
connectors and proceed with diagnosing and 
repairing the fault. 
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B. WIRING CIRCUITS 


The wiring harnesses for operation of the 
Powershift transmission and the electrically 
operated differential lock and P.T.O. neutral 
start switch introduced concurrently with the 
Powershift transmission comprise of the 
following:— 


1. 


A main front instrument console harness 
similar to the harness previously used on 
tractors prior to the introduction of 
powershift but with additional wiring: to 
provide power to the  powershift 
harnesses, neutral start and electric 
differential lock circuits. 


The additional wiring for the electric 
differential lock and P.T.O. neutral start 
circuit has resulted in three additional 
relays being added to this harness which 
are identified as items A25, A26 and A27 
in Figure 1. 


This harness is designed to 
accommodate world wide lighting 
requirements.This is achieved by using 
three specific connectors that can be 
interconnected to suit the lighting 
requirements of the country in which the 
vehicle is being operated. 


For markets other than where North 
American lighting regulations apply, the 
common hazard flasher female plug (red) 
item A36 in Figure 1 is connected to the 
male plug (red) item A37. 


For markets where North American 
lighting regulations do apply, the common 


plug is connected to the male plug (white) 
item A35. 


2. APowershift front console harness, which 
connects with the main front instrument 
console harness, inching pedal, neutral 
start circuit, ttansmission power relay and 
transmission harness. 


3. A transmission harness, which connects 
the speed control lever assembly, 
transmission control module (TCM), 
transmission control valve solenoids, axle 
and transmission speed _— sensors, 
transmission filter restrictor switch with 
the accompanying low transmission 
temperature sensor (switch) and the 
creeper switch to the powershift front 
console harness. 


4. A roof harness similar to the harness on 
prior models but now includes the 
additional wiring to connect the P.T.O. 
neutral start and differential lock control 
switches to the main front instrument 
console harness. 


5. An extension harness, which connects to 
the main front instrument console 
harness to provide the wiring to the 
transmission oil temperature and 
pressure switches, electric differential 
lock solenoid, ground speed sensor, 
voltage regulator, front wheel drive 
solenoid and fuel tank sender. 


When _ investigating, wiring discrepancies 
related to the powershift transmission, 
reference should be made to the circuit 
diagrams contained at the rear of this Section. 
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In order to assist in tracing specific wiring 
concerns individual circuits for the following 
functions of the tractor have been extracted 
from the main wiring diagram. These circuits 
are shown at the back of this section together 
with a Transmission Systems Control 
Diagram which accompanies the main wiring 
diagram. 


1. Power Feed To Powershift Front Console 
Harness Auxiliary Fuse Box with Keystart 
Switch turned ‘ON’. 


2. 12 Volt supply from Auxiliary Fuse Box 
with Keystart Switch turned ‘ON’ and 
speed control lever in neutral. 


3. P.T.O. Neutral Start Circuit. 


4. Inching Pedal Circuit (Excluding Inching 
Pedal Position Potentiometer). 


5. Inching Pedal Position Potentiometer 


Circuit. 
6. Digital Display Circuit. 
and 


7. Transmission Oil Pressure 


Temperature Circuits. 
8. Oil Filter Restriction Warning Light Circuit. 
9. Differential Lock Circuit. 
. Creeper Gear Circuit (Where Fitted). 


To enable speedy identification of each of the 
components shown on the circuit diagrams, 
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illustrations depicting the locations of each 
appropriate connector and _ associated 
component on the tractor are shown in 
Figures 1 to 6 on the following pages. 


In order to accurately idermtify the pins on the 
harness multi—pin wiring connectors separate 
illustrations of the connectors in schematic 
form are also shown depicting each 
connector pin, the colour of the wires 
connected to the pin, the circuit code for that 
wire as shown on the main wiring diagram and 
a brief description of the circuit function. 


When using the trouble shooting guide 
reference is sometimes made to _ specific 
circuit codes which are detailed on the main 
wiring diagram. The pin location illustrations 
will enable accurate identification of the circuit 
code which the trouble shooting guide has 
referenced 


The keycode established to identify the 
connectors and components in both the 
wiring diagrams and component location 
illustrations is common. For example the key 
code for the transmission control module 
connector as shown in the circuit diagrams is 
D3 and is the same code used in Figures 4 
and 9 to identify the transmission control 
module connector. 


When performing fault finding as detailed in 
Section C of this Chapter refer to the wiring 
diagrams and then to the appropriate 
illustration to identify the Connectors shown. 


An index of the illustrations that have been 
prepared to show the location of each 
powershift harness and the position of each 
pin in the multipin connectors is shown on the 
following page. 


ILLUSTRATION LISTING 


Figure Description 
1 _Main Front Instrument Console Harness 
2 Powershift Front Console Harness 
3 Transmission Harness (below cab or platform). 
4 Transmission Harness (in cab or on platform) 
ie) Roof Harness Connections to Electric Differential Lock and P.T.O. 


Neutral Start Switches. 


6 Extension Harness. 
7 Pin Identification for Powershift Front Console Harness Connectors. 
8 Pin Identification for Transmission Harness Connectors 


(below cab or platform) 


9 Pin Identification for Transmission Harness Connections to 
Transmission Control Module (TCM), Main System and Limp 
Home Connectors. 


10 Pin Identification for Transmision Harness Connections to Speed 
Control Lever, Digital Display, Directional Interrupt Relay and Limp 
Home Switch. 


11 Pin Identification for Connections to Creeper Switch, Electric 
Differential lock Switch and P.T.O. Neutral Start Switch. 
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Figure 1 
Main Front Instrument Console Harness 

A1_ Electronic Instrument Cluster Connector A19 Bulkhead Connector (16 pin) 

(12 pin) Connects into Extension Harness Connector F1. 
A2_ Electronic Instrument Cluster Connector A20 Radar Speed Sensor Connector (4 pin) 

(12 pin) A21 Turn Switch Connector (9 pin) 
A3 Electronic Instrument Cluster Connector A22 Earth Strap 

(12 pin) A23 Neutral Start Connector (4 pin , Yellow) 
A4 Tractor Performance Monitor Connector Connects into Powershift Front Console 


Harness Connector B2. 


(8 pin) ; 
‘at A24 Trailer Socket Harness Connector 

oe tagline Pceae ee A25 Differential Lock Relay Connector (White) 

Harness Connector B1 A26 Differential Lock Relay Cannector (Red) 

, re A27 Neutral Start Relay Connector (Yellow) 

A6 Four Wheel Drive Switch Connector A28 Keystart Switch Relay Connector 
A7 Front Workiamp Switch Connectors A29 Aside Worklamp Relay Connector 
A8 Keystart Switch A30 Rear Worklamp Relay Connector 
AQ Hazard Warning Switch Connectors A31 Connector To Book a Asada 
A10 Rear Worklamp Switch Connectors 22 pin) 
A11 Lighting Switch Connector A32 Flasher Unit Connector 
A12 Stop Lamp Switch Connector A33 Radar Plug (4 pin) 
A13 Cigar Lighter Wires A34 Electronic instrument Cluster Connector 
A14 Fuse Box (12 pin) 
A15 Ether Start Wires (Applicable Markets Only) A35 Hazard Flasher Connector (White) 
Ai6 Dual Power Switch Connector (Not Used) North American Lighting Regulations Only 
A17 Bulkhead Connector (22 pin) A36 Common Hazard Flasher Connector (Red) 
A18 Bulkhead Connector (7 pin , Battery Feed A37 Hazard Flasher Connector (Red) 

and Earth) Non North American Lighting Regulations Only 
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Figure 2 
Powershift Front Consale Harness 

Transmission Power Connector (2 pin 
Connects into Main Front Instrument Console Harness Connector A5 
B2 Neutral Start Switch Connector (4 pin, Yellow) 
Connects into Main Front Instrument Console Harness Connector A23 
B3 Powershift Front Console toTransmission Harness Connector (12 pin) 

Connects into Transmission Harness Connector C1 
B4 Auxiliary Fuse Box 
B5 = Inchin 


B6 Earth 


Pedal Switch Connector 
trap 
B7 


inching Pedal Position Potentiometer Connector 
B8 Transmission Power Relay Connector 
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Figure 3 
Transmission Harness (below cab or platform) 


C1 Transmission to Powershift Front Console Harness Connector (12 pin) 
Connects into Powershift Front Console Harness Connector B3 

C2 Transmission Input Speed Sensor 

C3 Transmission Input Speed Sensor Connector (2 pin) 

C4 Transmission Low Oil Temperature Switch (where fitted) 

C5 Transmission Output Speed Sensor 

C6 Transmission Output Speed Sensor Connector (2 pin) 

C7 Oil Filter Restriction Switch 

C8 Ground Speed Signal Connector to Electronic Instrument Cluster 
Connects into Extension Harness Connector F7 

C9 Connector (8 pin) for 1, 2 and 3 Clutch Solenoids and Creeper Gear Option where fitted 

C10 Connector (4 pin) for F1 and F2 Clutch Solenoids 

C11 Connector (8 pin) for A, B and C Clutches and MC1 Modulator Solenoid 

C12 Connector (4 pin) for Reverse Clutch and MC2 Modulator Solenoids 
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Figure 4 
Transmission Harness (In cab or on platform) 
Creeper Switch 
Digital Display Connector (4 pin) 
Transmission Control Module (TCM) Connector (37 pin) 
Limp Home Switch 
Limp Home Connector (12 pin) 
Main System Connector (12 pin) 
Directional Interrupt Relay 
Oil Filter Restriction Warning Light Delay Switch 
Oil Filter Restriction Warning Light 
Speed Control Lever 
Speed Control Lever Connector (9 pin) 
Digital Display 
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Figure 5 

Roof Harness Connections to Differential Lock and P.T.O. Neutral Start Switches 
E1 Differential Lock Switch 

E2 P.T.O Neutral Start Switch 


E3  P.T.O Neutral Start Switch Connector (4 pin) 
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Figure 6 
Extension Harness 


F1 Extension Harness Main Connector (16 pin) 
Connects into Main Front Instrument Console Harness Bulkhead Connector A19 
F2 Voltage Regulator 
F3 Transmission Oil Pressure Switch 
F4 Electric Differential Lock Valve Connector 
F5 Transmission Oil Temperature Switch 
F6 Electric Differential Lock Valve Solenoid 
F7 Ground Speed Connector to Electronic Instrument Cluster 
Connects into Transmission Harness Connector C8. 
F8 Transmission Oil Pressure Switch Connector (2 pin) 
FQ Connector to Four Wheel Drive Solenoid Wiring 
F10 Dual Power Connector (not connected on Powershift Transmission Tractors) 


Note: The fuel tank sender wires are also incorporated in this harness but are not visible in the above illustration. 
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Figure 7 
Pin Identification for Powershift Front Console Harness Connectors 
B1. Transmission Power Connector to Main Front Instrument Console Harness 
Pin Colour Circuit Code Description 
1 W 71 
2 R/LG/B 7070 


Ignition Switched Feed (not fused) 
Transmission Feed 


B2. Neutral Start Connector 
Pin 


Colour Circuit Code Description 
Not used 
Not used 
W/Y 1000E 
W/Y 1000F 


Neutral Start Switch Supply 
Neutral Start Switch Supply 
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B3. Powershift Front Console to Transmission Harness Connector 


Pin Colour Circuit Code Description 

1 W/Y 1000E Neutral Start Switch Supply 
2 W/Y 1000F Neutral Start Switch Supply 
3 B 57 Earth 

4 R/LG/B 7070A Transmission Feed 

5 B 7570A Signal Earth 

6 U/R/B 7000A Transmission Control Supply 
7 Y/P/B 7420 TCM Regulated Voltage to Inching Pedal 
8 Y/R/B 7430 Inching Pedal Position Signal 
9 Not used 

10 Not used 

11 R/LG/B 7070V Transmission Feed 

12 R/LG/B 7070U Transmission Feed 


B5. Inching Pedal Switch Connector 


Pin Colour Circuit Code Description 

1 U/R/B 7000A Transmission Control Supply 
2 Not used 

3 U/R/B 7000 Transmission Control Supply 
4 Not used 


B7. Inching Pedal Position Potentiometer Connector 


Pin Colour Circuit Code Description 

1 Y/R/B 7430 Inching Pedal Position Signal 

2 Y/P/B 7420 TCM Regulated Voltage to Inching Pedal 
3 B 7570A Signal Earth 


B8. Transmission Power Relay Connector 


Pin Colour Circuit Code Description 

1 R/LG/B 7070 Transmission Feed 

2 Ww 71 Keystart Switched Feed (not fused) — 
3 B 57B Earth 

4 R/LG/B 7070C Transmission Feed 

5 Not used 
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psep-87 Il 


Figure 8 
Pin Identification for Transmission Harness Connectors (below cab or platform) 


C1. Transmission to Powershift Front Console Harness Connector 


Pin Colour Circuit Code Description 

1 W/Y 1000E Neutral Start Switch Supply 
2 W/Y 1000F Neutral Start Switch Supply 
3 B 57 Earth 

4 R/LG/B 7070A Transmission Feed 

5 B 7570A Signal Earth 

6 U/R/B 7000A Transmission Control Supply 
7 Y/P/B 7420 TCM Regulated Voltage to Inching Pedal 
8 Y/R/B 7430 Inching Pedal Position Signal 
9 Not used 

10 Not used 

11 R/LG/B 7070V Transmission Feed 

12 R/LG/B 7070U Transmission Feed 


C3.Transmission Input Speed Sensor Connector 


Pin Colour Circuit Code Description 
1 Y/N/B 7400 Transmission Rev/Min Speed Sensor to TCM Input 
2 B 7570B Signal Earth 


C4. Transmission Low Oil Temperature Switch Connector 


Pin Colour Circuit Code Description 
1 B/N 7130 Oil Filter Restriction 
2 B/N 7130 Oil Filter Restriction 
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C6. Transmission Output Speed Sensor Connector 


Pin Colour Circuit Code Description 
1 Y/O/B 7410 Transmission Rev/Min Speed Sensor to TCM Output 
2 B 7570D Signal Earth 


C8. Ground Speed Connector to Extension Harness 


Pin Colour Circuit Code Description 
1 Y/U/B 7440 TCM Ground Speed Signal to EIC 
2 B 57AA Earth 


C9. 1, 2 and 3 Clutch Solenoid Connector 


Pin Colour Circuit Code Description 
1 W/LG/B 7300 Solenoid 1 Feed 

2 W/N/B 7320 Solenoid 2 Feed 

3 W/P/B 7330 Solenoid 3 Feed 

4 P/S/B ~ 7395 Creep Solenoid Feed 

5 P/W/B 7396 Creep Solenoid Return 
6 Y/LN/B 7301 Solenoid 1 Return 

7 P/Y/B 7321 Solenoid 2 Return 

8 Y/S/B 7331 Solenoid 3 Return 


C10.F1 and F2 Clutch Solenoid Connector 


Pin Colour Circuit Code Description 
1 W/R/B 7340 Solenoid F1 Feed 

2 Y/W/B 7341 Solenoid F1 Return 

3 W/S/B 7350 Solenoid F2 Feed 

4 S/W/B 7351 Solenoid F2 Return 


C11.A B And C Clutch and MC1 Modulator Solenoid Connector 


Pin Colour Circuit Code Description 
1 P/R/B 7391 Solenoid MC1 Return 

2 Y/K/B 7380 Solenoid C Feed 

3 Y/G/B 7370 Solenoid B Feed 

4 W/Y/B 7360 Solenoid A Feed 

5 P/B 7381 Solenoid C Return 

6 P/N/B 7371 Solenoid B Return 

7 P/LG/B 7361 Solenoid A Return 

8 Y/LG/B 7390 Solenoid MC1 Feed 


C12. Reverse Clutch and MC2 Modulator Solenoid Connector 


Pin Colour Circuit Code Description 
1 O/G/B 7392 Solenoid MC2 Feed 

2 U/S/B 7356 Solenoid R Return 

3 O/N/B 7393 Solenoid MC2 Return 

4 S/Y/B 7355 Solenoid R Feed 
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D3. TCM Connector 


Pin 


OONOAARWND — 


Colour 


Y/O0/B 
S/U/B 
S/K/B 
R/G 

Y/N/B 
S/R/B 
Y/R/B 


Y/U/B 
W/UB 


S/LG/B 


B/N 
R/LG/B 
Y/P/B 


U/TQ 
P/LG/B 
R/LG/B 
U/R/B 
Y/W/B 
S/W/B 
O/N/B 
P/R/B 
Y/LN/B 
R/LG/B 
P/W/B 
U/S/B 
B 
P/Y/B 
Y/S/B 
B 

Ss) 

P/B 
P/N/B 


Circuit Code 


7410 
7260 
7200 
7270 
7400 
7250 
7430 


7440 
7275 


7210 


7130A 
7070P 
7420 


7180 
7361A 
7070R 
7000D 
7341A 
7351 
7393 
7391 
7301 
7070S 
7396 
7356A 
7570 
7321A 
7331 
57L 
57M 
7381 
7371A 


PART 5 — TRANSMISSION SYSTEMS 


Figure 9 
Pin Identification for Transmission Harness 
Connections to Transmission Control Module (TCM) 
and Main System and Linp Home Connectors 


Description 
Not used | 
Transmission Rev/Min Speed Sensor to TCM Output 
Transmission Reverse Signal 
Transmission Shift Down 
TCM Serial Data IN’ Display Data OUT’ 
Transmission Rev/Min Speed Sensor to TCM Input 
Transmission Forward Signal 
Inching Pedal Position Potentiometer Signal 
Not used 
TCM Ground Speed Signal to EIC 
TCM Serial Data OUT’ Display Data ‘IN’ 
Not used 
Transmission Shift Up 
Not used 
Oil Filter Restriction 
Transmission Feed 
TCM Regulated Voltage to Inching Pedal 
Not used 
Creeper Switch TCM Signal 
Solenoid A Return 
Transmission Feed 
Transmission Control Supply 
Transmission Rev/Min Speed Sensor to TCM Output 
Solenoid F2 Return 
Solenoid MC2 Return 
Solenoid MC1 Return 
Solenoid 1 Return 
Transmission Feed 
Solenoid Creep Return 
Solenoid R Return 
Signal Earth 
Solenoid 2 Return 
Solenoid 3 Return 
Earth 
Earth 
Solenoid C Return 
Solenoid B Return 
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D5. Limp Home Connector 
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Colour 


U/S/B 
S/Y/B 
W/N/B 
Y/W/B 
W/R/B 
B 
U/S/B 
~P/Y/B 
B 
Y/W/B 


Colour 
W/K/B 
R/LG/B 
W/Y/B 
S/Y/B 
W/N/B 
Y/G/B 
W/R/B 
P/LG/B 
U/S/B 
P/Y/B 
P/N/B 
Y/W/B 


Colour 
W/K/B 
R/LG/B 
W/Y/B 
S/Y/B 
W/N/B 
Y/G/B 
W/R/B 
P/LG/B 
U/S/B 
P/Y/B 
P/N/B 
Y/W/B 


Circuit Code 


7356B 
7355A 
7320A 
7341B 
7340A 
57XA 

7356B 
7321B 
57UA 

7341B 


Main System Connector (female section 


Circuit Code 


7290 
7070J 
7360 
7355 
7320 
7370 
7340 
7361 
7396 
7321 
7371 
7341 


Circuit Code 


7290B 
7070JA 
7360B 
7355B 
7320B 
7370B 
7340B 
7361A 
7356A 
7321A 
7371A 
7341A 


Description 
Not used 
Not used 
Solenoid R Return 
Solenoid R Feed 
Solenoid 2 Feed 
Solenoid F1 Return 
Solenoid F1 Feed 
Earth 
Solenoid R Return 
Solenoid 2 Return 
Earth 
Solenoid F1 Return 


with male pins) 


Description 
Directional Interrupt Relay to Solenoids 
Transmission Feed 
Solenoid A Feed 
Solenoid R Feed 
Solenoid 2 Feed 
Solenoid B Feed 
Solenoid F1 Feed 
Solenoid A Return 
Solenoid R Return 
Solenoid 2 Return 
Solenoid B Return 
Solenoid F1 Return 


. Main System Connector (Male Section with female pins) 


Description 
Directional Interrupt Relay To Solenoids 
Transmission Feed 
Solenoid A Feed 
Solenoid R Feed 
Solenoid 2 Feed 
Solenoid B Feed 
Solenoid Fi Feed 
Solenoid A Return 
Solenoid R Return 
Solenoid 2 Return 
Solenoid B Return 
Solenoid F1 Return 
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Figure 10 

Pin Identification forTransmission Harness 
Connections to Speed Contro! Lever, Digital Display, 
Directional Interrupt Relay and Limp Home Switch 


D1. Creeper Switch Connector 


Pin Colour Circuit Code 
1 57AG 

2 

3 

4 

5 U/TQ 7180 

6 

7 

8 


Creeper Switch Light Connector 
B 7AE 


2 R/LG/B 7070N 


D2. Digital Display Connector 


Pin Colour Circuit Code 
1 B 57B 

2 W/UB 7275 

3 R/G 7270 

4 R/LG/B 7070B 


D4. Limp Home Switch Connector 


Pin Colour Circuit Code 

1 W/N/B 7320C 

2 W/R/B 7340A 

3 R/L/B 7070F 

4 P/Y/B 7321B 

5 

6 

7 W/N/B 7320A + 7320C 
8 S/Y/B 7355A 


Figure 11 


Pin Identification for Connections to Creeper Switch, 
Electric Differential Lock Switch and P.T.O. Neutral 


Start Switch 


Description 

Earth 

Not used 

Not used 

Not used 

Creeper Switch TCM Signal 
Not used 

Not used 

Not used 


Earth 
Transmission Feed 


Description 
Earth 
TCM Serial Data ‘OUT’ Display Data ’IN’ 
TCM Serial Data ‘IN’ Display Data OUT’ 
Transmission Feed 


Description 
Solenoid 2 Feed 
Solenoid F1 Feed 
Transmission Feed 
Solenoid 2 Return 
Not used 
Not used 
Solenoid 2 Feed 
Solenoid R Feed 
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D7. Directional Interrupt Relay Connector 


Pin Colour Circuit Code Description 

1 R/LG/B 7070E Transmission Feed 

2 B 57E Earth 

3 U/R/B 7000C Transmission Control Supply 

4 W/K/B 7290 Directional Interrupt Relay to Solenoids 
5 Not used 


D11.Speed Control Lever Connector 


Pin Colour Circuit Code Description 

1 U/R/B 7000A Transmission Control Supply 
2 S/U/B 7260 Transmission Reverse Signal 
3 S/LG/B 7210 Transmission Shift Up 

4 W/Y 1000E Neutral Start Switch Supply 
5 B 7570C Signal Earth 

6 S/K/B 7200 Transmission Shift Down 

7 W/Y 1000F Neutral Start Switch Supply 
8 U/R/B 7000B Transmission Control Supply 
9 S/R/B 7250 Transmission Forward Signal 


E1. Differential Lock Switch Connector 


Pin Colour Circuit Code Description 

1 Not used 

2 LG 7090A/B Differential Lock Switch to Foot Brake Switch 
3 Not used 

4 N/LG 7100B Differential Lock Relay to Foot Brake Switch 
5 Not used 

6 Not used 

7 Not used 

8 O/B 7140 Differential Lock ’Off’ Solenoid 


Differential Lock Switch Light Connector 


LG 7090B Differential Lock Switch to Foot Brake Switch 
2 B 57AE Earth 


4 


E3. P.T.O. Neutral Start Switch Connector 


Pin Colour Circuit Code Description 

1 Not used 

2 W/Y 1000B Neutral Start Switch Supply 
3 W/Y 1000C Neutral Start Switch Supply 
4 Not used 
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A/LG/B ard A/LG/B 
Ww ac} ] 


pseB-Ci 
Circuit 1 
Power Feed to Powershift Front Console Harness Auxiliary Fuse Box with Keystart Switch Turned ‘ON’ 


A5 Transmission Power Connector on Main Front Instrument Console Harness 


A8 _ Keystart Switch 
Bi Transmission Power Connector on Powershift Front Console Harness 


B4 Auxiliary Fuse Box 
B8 Transmission Power Relay 


Note: For items with Prefix ‘A’ refer to Figure 1 
For items with Prefix ‘B’ refer to Figure 2 and 7 


WIRING COLOUR CODES 


Black Purple 
Green Red 


Pink Grey 
Light Green Turquoise 
Light Brown Blue 
Brown White 


Orange Yellow 


Note: Where a wire is colour coded with 3 colours the black colour is applied to the 
wire insulation as a Spiral stripe. 
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R/LG/B 
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41 R/LG/B 


oe ee eee ee oreve’evoeve’o"o"e"%e"o"o"o%o"o%o"o%e 
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A/LG/B 2 


| 
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Y/LG/B 
La i ipa So pce oad 
eee EO 


TT ee 2 


PS6B-C2 


Circuit 2 
12 Volt Supply With Keystart Switch Turned ON’ and Speed Contro/ Lever in Neutral 


B3 Front/Rear Transmission Harness Connector (female) on Powershift Front Console Harness 
B4 Auxiliary Fuse Box 

B5 Inching Pedal Switch and Connector 

C1. Front/Rear Transmission Harness Connector (male) on Transmission Harness (below cab or platform) 
C4 Transmission Low Oil Temperature Switch (closes at 40°C/104°F) 

C7 Oil Filter Restriction Switch 

C9 Connector to 1, 2 and 3 Clutch Solenoids 

C11 Connector to A, B and C Clutch and MC1 Modulator Solenoids 

C12 Connector to Reverse Clutch and MC2 Modulator Solenoids 

D1 Creeper Switch 

D2 Digital Display Connector 

D3 TCM Connector 

D4 Limp Home Switch 

D6 Main System Connector 

D7 Directional Interrupt Relay 

D8 Oil Filter Warning Light Delay Switch 

D12 Digital Display 


Note: For items with prefix ‘B’ refer to Figures 2 and 7 
For items with prefix ‘C’ refer to Figures 3 and 8 
For items with prefix ‘D’ refer to Figures 4, 9, 10 and 11 
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Circuit 3 
P.T.O. Neutral Start Circuit 


1 Battery 

2 __ Starter Solenoid 

3 Starter Motor 

A8_ Keystart Switch 

A14 Neutral Start Fuse No 19 (4 Amp fuse) | 

A23 Neutral Start Connector (male) on Main Front Instrument Console Harness 

A27 Neutral Start Relay 

A31 Connector on Main Front Instrument Console Harness to Roof Harness 

B2 Neutral Start Connector (female) on Powershift Front Console Harness 

B3 Powershift Front Console toTransmission Harness Connector 
Connects into Transmission Harness Connector C1 

C1 Transmission to Powershift Front Console Harness Connector 
Connects into Powershift Front Console Harness Connector B3 

D10 Speed Control Lever 

D11 Speed Control Lever Connector 

E2 P.T.O. Neutral Start Switch 

E3 P.T.O. Neutral Start Switch Connector 


Note: For items with prefix ‘A’ refer to Figure 1 
For items with prefix ‘B’ refer to Figures 2 and 7 
For items with prefix ‘C’ refer to Figures 3 and 8 
For items with prefix ‘D’ refer to Figures 4 and 10 
For items with prefix ‘E’ refer to Figures 5 and 11 
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Circuit 4 
Inching Pedal Circuit 


(Excluding Inching Pedal Position Potentiometer) 


B3 Powershift Front Console toTransmission Harness Connector 
Connects into Transmission Harness Connector C1 
B4 Auxiliary Fuse Box (30 Amp fuse) 
B5 Inching Pedal Switch and Connector 
Ci Transmission to Powershift Front Console Harness Connector 
. Connects into Powershift Front Console Harness Connector B3 
D3 TCM Connector 
D10 Speed Control Lever : 
D11 Speed Control Lever Connector 


Note: For items with prefix ’B’ refer to Figures 2 and 7 
For items with prefix 'C’ refer to Figures 3 and 8 
For items with prefix ’D’ refer to Figures 4, 9 and 10 
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Circuit 5 
Inching Pedal Position Potentiometer Circuit 


B3 Powershift Front Console toTransmission Harness Connector 
Connects into Transmission Harness Connector C1 

B7 Inching Pedal Position Potentiometer 

C1 Transmission to Powershift Front Console Harness Connector 
Connects into Powershift Front Console Harness Connector B3 

C2. Transmission Input Speed Sensor 

C3 Transmission Input Speed Sensor Connector 

C5 Transmission Output Speed Sensor 

C6 Transmission Output Speed Sensor Connector 

D3 TCM Connector 

D10 Speed Control lever 

D11 Speed Control Lever Connector 


Note: For items with prefix ‘B’ refer to Figures 2 and 7 
For items with prefix ‘C’ refer to Figures 3 and 8 
For items with prefix ‘D’ refer to Figures 4, 9 and 11 
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R/LG/B R/LG/B 


Circuit 6 
Digital Display Circuit 

B3  Powershift Front Console toTransmission Harness Connector 

Connects into Transmission Harness Connector C1 
B4 Auxiliary Fuse Box (5 Amp fuse) 
C1 Transmission to Powershift Front Console Harness Connector 

Connects into Powershift Front Console Harness Connector B3 
D12 Digital Display 
D2 Digital Display Connector 
D3 TCM Connector 


Note: For items with prefix 'B’ refer to Figures 2 and 7 
For items with prefix 'C’ refer to Figures 3 and 8 
For items with prefix 'D’ refer to Figures 4, 9 and 10 
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Circuit 7 


Transmission Oil Pressure and Temperature Circuits 


A19 Bulkhead Connector (male 16 pin ) on Main Front Instrument Console Harness 
A34 Electronic Instrument Cluster Connector 

Fi Bulkhead Connector (female) on Extension Harness 

F3 Transmission Oil Pressure Switch 

F5 Transmission Oil Temperature Switch 

F8 Transmission Oil Pressure Switch Connector 


Note: For items with prefix ‘A’ refer to Figure 1 
For items with prefix 'F’ refer to Figure 6 
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wks |. |e 


N/K/B 5 7 
R/LG/B R/LG/B =z 0 rT eit tiin 
pn | J UU 
z 
PS6B8-C8 
Circuit 8 


Oil Filter Restriction Warning Light Circuit 


B3 Powershift Front Console toTransmission Harness Connector 
Connects into Transmission Harness Connector C1 
B4 Auxiliary Fuse Box (30 Amp Fuse) 
C1 Transmission to Powershift Front Console Harness Connector 
Connects into Powershift Front Console Harness Connector B3 
C4 Transmission Low Oil Temperature Switch in Transmission Control Valve 
C7  OiJil Filter Restriction Switch 
D8 Oil Filter Warning Light Delay Switch 
D9 Oil Filter Restriction Warning Light 


Note: For items with prefix ‘B’ refer to Figures 2 and 7 
For items with prefix ‘C’ refer to Figures 3 and 8 
For items with prefix ‘D’ refer to Figure 4 
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e 


® 
LG 216 LG 


[Wig | fSi8 N/LG 
iJ O/B 


Circuit 9 
Differential Lock Circuit 


Ai2 Brake Stop Lamp Switch and Connector 

A14 Fuse Box (Fuse Number 13 15 Amp) 

A19 Bulkhead Connector (female16 pin) on Main Front Instrument Console Harness 
A25 Differential Lock Single Pole Relay (White Connector) 

A26 Differential Lock Two Pole Relay (red connector) 

A31 Connector to Roof Harness on Main Front Instrument Console Harness 

E1 Electric Differential Lock Switch 

F1 Main Bulkhead Connector (female) on Extension Harness 

F6 Electric Differential Lock Valve 


Note: For items with prefix ‘A’ refer to Figure 1 
For items with prefix ‘E’ refer to Figures 5 and 11 
For items with prefix ‘F’ refer to Figure 6 
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Circuit 10 
Creeper Gear Circuit (where fitted) — 
B3 Powershift Front Console toTransmission Harness Connector 
Connects into Transmission Harness Connector C1 
B4 Auxiliary Fuse Box 
C1 Transmission to Powershift Front Console Harness Connector 
Connects into Powershift Front Console Harness Connector B3 
C9 Connector for 1, 2 and 3 Clutch Solenoids and Creeper Gear (where fitted) 
D1 Creeper Switch 
D3 Transmission Control Module (TCM) Connector 
D6 Main System Connector 


Note: For items with prefix ‘A’ refer to Figure 1 
For items with prefix ‘B’ refer to Figures 2 and 7 
For items with prefix ‘C’ refer to Figures 3 and 8 
For items with prefix ‘D’ refer to Figures 4 and 10 
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Circuit 11 
Powershift Transmission System Control Diagram 


Keystart Switch 

Neutral Start Relay 

Auxiliary Fuse Box 

Inching Pedal Switch 

Inching Pedal Position Potentiometer 
Transmission Power Relay 
Transmission Oil Temperature Switch 
Oil Filter Restriction Switch 

Creeper Switch 

Directional Interrupt Relay 

Oil Filter Restriction Warning Light 
Speed Control Lever 

P.T.O. Neutral Start Switch 
Electronic Instrument Console 


ANY Chassis Earth 


+ 


Power Earth 


J Sensor (Signal) Earth 
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Powershift Transmission Main Wiring Diagram 


A5_ Transmission Power Connector on Main Front Instrument Console Harness 
A8_ Keystart Switch 

A14 Fuse Box 

A23 Neutral Start Connector on Main Front Instrument Console Harness 

A27 Neutral Start Relay 

A31 Connector to Roof Harness 


B1 Transmission Power Connector on Powershift Front Console Harness 
B2 Neutral Start Switch Connector on Powershift Front Console Harness 
B3  Powershift Front Console toTransmission Harness Connector 

B4 Auxiliary Fuse Box 

B5 Inching Pedal Switch 

B7 Inching Pedal Position Potentiometer 

B8 Transmission Power Relay 


C1 Transmission to Powershift Front Console Harness Connector 

C3 Transmission Input Speed Sensor Connector 

C4 Transmission Low Oil Temperature Switch 

C6 Transmission Output Speed Sensor Connector 

C7 Oil Filter Restriction Switch 

C8 Ground Speed Connector to Extension Harness 

C9 Connector for 1, 2 and 3 Clutch Solenoids and Creeper Gear Option where fitted 
C10 Connector for F1 and F2 Clutch Solenoids 

C11 Connector for A, B and C Clutches and MC1 Modulator Solenoid 

C12 Connector for Reverse Clutch and MC2 Modulator Solenoids 


D1 Creeper Switch 

D2 Digital Display Connector 

D3 TCM Connector 

D4 Limp Home Switch 

D5 Limp Home Connector 

D6 Main System Connector 

D7 Directional Interrupt Relay 

D8 Oil Filter Warning Light Delay Switch 
D9 Oil Filter Restriction Warning Light 
D10 Speed Control Lever 

D11 Speed Control Lever Connector 
D12 Digital Display 


E2 P.T.O. Neutral Start Switch 
P.T.O. Neutral Start Switch Connector 


WIRING COLOUR CODES 


B  —- _ Black P — _ Purple 

G —- Green R -— Red 

K -— _ Pink S —- _ Grey 

LG -— Light Green TQ — _ Turquoise 
LN — Light Brown U - Blue 

N — Brown W —- White 

O Orange Y Yellow 


Note: Where a wire is colour coded with 3 colours the black colour is applied to the wire 
insulation as a Spiral stripe. 


A letter inserted in a square box, for example represents a splice in the harness 


On rocker switches symbol NO refers to normally open and NC to normally closed 
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C. TROUBLE-SHOOTING AND FAULT FINDING 


Introduction 


The Powershift transmission electronic man- 
agement system has an inbuilt self diagnostic 
facility. This facility utilises the digital display 
to indicate, in coded format, any malfunction 
in the electrical and electronic circuitry, and in 
the micro—processor. It should be noted that 
the self diagnostic capability is limited to diag- 
nosis of the electrical and electronic circuitry 
and related components only. Any malfunc- 
tion of the mechanical and hydraulic compo- 
nents must be diagnosed using conventional 
techniques, performance characteristics and 
tooling, such as pressure testing equipment. 
Full guidance for both electrical self diagnosis 
and conventional diagnosis is contained 
within this section. See the heading Sub— 
Section A — Mechanical Trouble—Shoot- 
ing, page 41, Sub—Section C — Error Code 
Listing on pages 46 and 47, the heading 
Sub-—Section D — Electrical and Electronic 
Trouble—Shooting — Initial Fast Check on 
page48—53, and the heading Sub—Section D 
— Electrical and Electronic Trouble—Shoot- 
ing — Secondary.In—Depth Approach, start- 
ing at page 54, which must be used if the fault 
has not been corrected after reference to the 
Initial Fast Check. 


Trouble—shooting and fault finding should al- 
ways be carried out in a logical and planned 
sequence, many apparent faults associated 
with electronic components are often hastily 
diagnosed and result in the replacement of 
expensive components. An extra few minutes 
confirming the apparent fault will result in a 
more positive and cost effective repair. 


With the use of micro—processors it is often 
that this item is blamed for any malfunction 
but the real truth is that this item is usually 
sound and that the fault is due to poor con- 
tacts in the associated connectors. 


Each connector illustrated and identified in 
the wiring diagrams and referred to in the fol- 
lowing fault finding procedure, has the same 
identification reference. For example the 
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main TCM connector is referred to as Con- 
nector D3 in the illustration and also referred 
to D3 in the fault finding procedure. 


Where the fault finding procedure requires 
checks for continuity a visual inspection of the 
wiring should be made prior to conducting 
tests to ensure that obvious "*mechanical” 
damage has not occurred to the harness or 


the connectors. 


A good quality multi meter is an essential item 
to perform fault finding, it should be capable of 
measuring resistance of at least 20,000 ohms 
and measuring voltage, current and resis- 
tance. When using the multi—meter it is good 
practice to select a high range and work 
downwards to avoid damaging the instru- 
ment. 


IMPORTANT: Care should be used when 
using the multi-meter, only use the 
instrument as instructed to avoid damage to 
the internal elements of the micro—processor. 
When checking the continuity of wiring, 
sensors or switches it is necessary to isolate 
the electronic micro—processor and ensure 
the keystart is turned off to prevent possible 
further damage. The keystart should only be 
switched on and the processor connected 
where specifically instructed in the fault 
finding procedure. 


If it is found necessary to clean the connectors 
a contact spray should be used. DO NOT 
USE ANY OTHER METHOD FOR CLEAN- 
ING TERMINALS. Do not use a cleaner that 
contains Trichloro—ethylene, this solvent will 
damage the plastic body of the connector. It is 
preferable to use a cleaner with a Freon T.F. 
base. 


The listings on pages 46 and 47, shows the 
displayed message that will appear on the 
digital display should a fault occur in the elec- 
tronic or electrical system. Note that if more 
than one fault exists the appropriate codes 
will be displayed until such time as all faults 
have been corrected. 


IMPORTANT: Upon completion of a repair it 
will be necessary to turn the keystart on and 
off to clear the code from the display and 
confirm that the repair was successful. 


In the event that the fault has occurred in the 
digital display or the digital display does not 
indicate a fault refer to the fault finding chart 
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page 54 where this type of fault has been 
identified. 


Use the following "Trouble Shooting Flow 
Chart” for identification of specific areas 
within the Touble Shooting Guide. 


NOTE: Access to some connectors below the 
cab or platform floor may be difficult, raising 
the front of the cab or platform slightly will 
improve the situation. 


FAULT FINDING FLOW CHART 


ENGINE WILL 
NOT CRANK GO 
TO PAGE 164 


SPEED CONTROL 
LEVER DEFECTIVE 
GO TO PAGE 152 


NO POWER TO 
TRANSMISSION 
GO TO PAGE 153 


MECHANICAL OR 
HYDRAULIC CON- 
CERN GO TO SUB-— 

SECTION A 
PAGE 41 


DOES AN 
ERROR CODE 
APPEAR? 


INCHING PEDAL 
CONCERN GO TO 
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YES 


REFER TO DIAGNOSTIC 
ERROR CODES SUB- 
SECTION C 

PAGES 46 & 47 


PERFORM ELECTRICAL 
AND ELECTRONIC 
TROUBLE SHOOTING IN- 
ITIAL FAST CHECK SUB- 
SECTION D PAGES 48-53 


PERFORM ELECTRICAL 
AND ELECTRONIC 
TROUBLE SHOOTING 
GUIDE SUB-SECTION E 
PAGE 54 ONWARDS 


PAGE 6 


CHAPTER 6 


SUB-SECTION A. —- MECHANICAL TROUBLE-SHOOTING GUIDE 


STEP QUESTION COMMENTS 


Some Error Codes will indicate a 
problem as it appears to the TCM 
however a mechanical fault may 
be the root cause. 


| the Display? 


Has a full analysis of the tractors 
performance been made, for ex- 
ample, what speeds are avail- 
able, any other characteristics 
such as shift quality, grabbing, 
etc. 


If "Yes” refer to the Electrical 
and Electronic Trouble—shoot- 
ing guide. If the Error Codes H5 
or H6 are displayed go to M11. 


Some Error Codes will indicate a 
problem as it appears to the TCM 
however a mechanical fault may 
be the root cause. 


Did reference to the Electrical 
and Electronic Trouble—Shoot- 
ing Guide indicate a problem 
with an item but no fault was 
found or replacement of the item 
did not cure the fault? 


Perform an analysis of the trac- 
tor’s performance. 


Suspect low oil level or restricted 
cooler. 


Does transmission seem to run 
hot? 


Clean the cooler and/or perform 
cooler flow rate performance 
check. Was concern corrected? 


Flow check the transmission hy- 
draulic pump. Was pump flow to 
specification? (see Specifica- 
tions Chapter 6 Section F). 


Consider overhaul of the main 
transmission pump. 


Check first any possible cavita- 
tion in suction line. 


Does clutch engagement seem 
sluggish and hesitant? 


If °NO” recheck diagnostics, and 
proceed to step M 11. 


Perform the main regulating 
valve pressure test procedure. 
Was concern corrected? 


41 


PART 5 — TRANSMISSION SYSTEMS 


COMMENTS 


GO TO STEP 
STEP QUESTION IF 
YES NO 


Does transmission perform nor- 
mally in reverse and speeds 
F10 — F18, but attempting 
speeds F1 — F9 no tractor 
movement results and Error 
Code H6 is displayed? 


Suspect contamination _ in 
modulating valve MC 1 and/or 
F1 directional clutch circuit 
valve. 


Does transmission perform nor- 
mally in speeds F1 —F9, but at- 
tempting F10 — F18 and all re- 
verse speeds no tractor move- 
ment results and Error Code H6 
displayed? 


Suspect contamination — in 
modulating valve MC 2 


Does transmission perform nor- 
mally in F1 — F18 but attempt- 
ing reverse no tractor move- 
ment results and Error Code H6 
is displayed? 


Suspect contamination in re- 
verse directional clutch circuit 
valve. 


Does tractor perform normally 
in speeds F1 — F9 and_all re- 
verse, but attempting speeds 
F10 — Fi12 from stationary, no 
tractor movement results and 
Error Code H6 is displayed? 


Suspect contamination in F2 di- 
rectional clutch circuit valve. 
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Note Error code H6 will be dis- 
played once the tractor has 
stopped moving. 


Remove modulating valve, clean 
pilot and check in-line filter and 
orifice, also remove, inspect and 
clean clutch circuit valve. See 
Chapter 5 Section G. 


Note Error code H6 will be dis- 
played once the tractor has 
stopped moving. 


Remove modulating Valve, clean 
pilot and check in-line filter and 
orifice. See Chapter 5 Section G. 


Note Error code H6 will be dis- 
played once the tractor has 
stopped moving. 


Remove clutch circuit valve, in- 
spect and clean. See Chapter 5 
Section G. 


Note Error code H6 will be dis- 
played once the tractor has 
stopped moving. 


Remove clutch circuit valve, in- 
spect and clean. See Chapter 5 
Section G. 


CHAPTER 6 


COMMENTS 


GO TO STEP 
STEP QUESTION IF IF 
YES NO 


Does engine operate normally, 
tractor will not move in any 
speed and error code H5 is dis- 

played? 


Suspect main input to transmis- 
sion fault. 


Does engine operate normally, 
but tractor does not move and 
also hydraulic lift does not oper- 
ate. Error Code H6 is dis- 
played? 


Suspect main input to transmis- 
sion fault and/or transmission 
PTO shaft failure. 


Do certain speeds give ex- 
pected tractor movement, but 
some selected speeds give 
hesitant or no movement even 
though selected speed is 
shown on display 


Refer to the following "Clutch 
Application Chart” and deter- 
mine by analysis which clutch is 
not transmitting power. Is one 
particular clutch not transmit- 
ting power? 
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Check if hydraulic power lift or 
PTO operate. If *YES” main input 
is good, recheck diagnosis. 


Separate tractor between engine 
and transmission and_ inspect 
torque limiting clutch and input 
shaft. 


Perform pump flow test to confirm 
shaft failure. Remove transmis- 
sion and inspect. 


Refer to Electronic Trouble Shoot- 
ing and perform simple solenoid 
coil check to confirm concern is 
not electrical. 


Note that if tractor is still rolling in 
the suspect speeds, an Error 
Code H6 will not display until the 
tractor comes to rest. 


If” YES” consider strip down of the 
transmission. See also note 
above. 


Selected Speed 


Speed Clutches 


F1 
F2 
F3 
F4 
F5 
F6 


Onm-WNM-WPNDh — 


1 
2 
3 
1 
2 
3 
1 
2 
3 
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Clutches Applied 


Directional Clutches 
F 1 
F1 
F 1 
F 1 


OOOWDDWYY>Y 


ONONWDWDWYY> 
VUVDVIIIIVD 


SUB-SECTION B. — CLUTCH APPLICATION CHART 


From the chart above select the clutch that 
appears not to be transmitting power using 
the performance characteristics as noted in 
step M 40n the preceding page. Note that this 
process only applies when the suspected 
fault is mechanical and that the self diagnosis 
capability has ruled out any control or 
electrical fault. 


Note speeds F1 —F9 shown above in A all use 
directional clutch F1 therefore if a forward 
speed in this range is available the directional 
clutch F1 is not suspect. Similarly if a speed in 
the range F10 -— F18 is available the 
directional clutch F2 is not suspect. If all 
reverse speeds are available, again the 
reverse directional clutch is not Suspect. | 
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Anaylise the speed clutch engagement 
pattern, the number clutches run 1, then 2, 
then 3, with the letter clutch A applied , then 1, 
2, 3, with the letter clutch B applied and finally 
1, 2, 3, with the letter clutch C applied. 


Examples: 


1. No drive in F7, F8, F9, F16, F17, F18, and 
Reverse 10, 11 and 12. From the chart, the 
only clutch that should be applied and is 
common to this condition is letter clutch C. 


2. No drive in F3, F6, F9, F12, F15, F18, and 


reverse speeds R6, R9, R12. From the 
chart, the only clutch that should be 
applied is number clutch 3. 


3. No drive in only one speed. Re—check 
Display, an Error Code should be showing 
indicating an electrical fault. 


4. No drive in reverse R4 but drive is in F4. 
Other reverse speeds are present but not 
all. Study chart noting that R4 uses 
clutches 1 and A, whereas F4 uses 1 and 
B. Recheck transmission characteristics. 
No drive should exist in speeds F1, F2, F3, 
F10, F11, F12, R4 (complaint speed) R5 
and R6. 


From analysis of the Clutch Application Chart 
it should now have led to a positive diagnosis 
of the fault. If it is suspected that a speed 
clutch is defective, remember that these 
clutches are not modulated, so the hydraulic 
modulation valves MC 1 and MC 2 should not 
be suspected. Before stripping down the 
transmission check the applicable speed 
clutch circuit valve, 1, 2, 3, or A, B, C, (marked 
on the outside of the main control valve 
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casting) for mechanical defect or 
contamination. Refer to Chapter 5 Section G. 


If it is suspected that a directional clutch is at 
fault, again before stripping down the 
transmission, inspect the modulating valves. 
MC 1 for faults with speeds F1—F9, and MC 2 
for faults with speeds F10 — F18 and all 
reverse. If only F10 — F18 speeds are at fault 
but not any reverse, then the directional clutch 
circuit valve should be inspected. Refer to 
Chapter 5 Section G. In the case of F1 — F9 
then inspect the modulating valve MC 1 first. If 
this is unsuccessful, then inspect the F 1 
clutch circuit valve. 


Any major repair to the internal components 
of the transmission should, on no account be 
considered, until every involved component, 
be it, hydraulic, electrical or electronic has 
been checked, re—checked and eliminated as 
being the cause of the fault. 
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SUB SECTION C. — DIAGNOSTIC ERROR CODES 


CONDITION DISPLAYED MESSAGE 


SOLENOID ERRORS (SHORT CIRCUITS TO +V BATTERY) 


SOLENOID NO. 1 SHORT A1 
SOLENOID NO. 2 SHORT A2 
SOLENOID NO. 3 SHORT A3 
SOLENOID NO. A SHORT A4 
SOLENOID NO. B SHORT A5 
SOLENOID NO. C SHORT A6 
SOLENOID NO. F1 SHORT A7 
SOLENOID NO. F2 SHORT A8 
SOLENOID NO. MC1 SHORT AQ 
SOLENOID NO. MC2 SHORT A10 
SOLENOID NO. REV SHORT A11 
SOLENOID NO. CREEP SHORT A12 


SOLENOID ERRORS (OPEN CIRCUITS OR SHORT CIRCUITS TO EARTH) 


SOLENOID NO. 1 OPEN CIRCUIT C1 
SOLENOID NO. 2 OPEN CIRCUIT C2 
SOLENOID NO. 3 OPEN CIRCUIT C3 
SOLENOID NO. A OPEN CIRCUIT C4 
SOLENOID NO. B OPEN CIRCUIT C5 
SOLENOID NO. C OPEN CIRCUIT C6 
SOLENOID NO. F1 OPEN CIRCUIT C7 
SOLENOID NO. F2 OPEN CIRCUIT C8 
SOLENOID NO. MC1 OPEN CIRCUIT cg 

SOLENOID NO. MC2 OPEN CIRCUIT C10 

SOLENOID NO. REV OPEN CIRCUIT C11 
SOLENOID NO. CREEP OPEN CIRCUIT C12 


SENSOR ERRORS 


TRANSMISSION OUTPUT SENSOR OPEN H1 
TRANSMISSION OUTPUT SENSOR SHORT H2 
RPM SENSOR OPEN H3 
RPM SENSOR SHORT H4 
TRANS. INPUT SENSOR FAIL (or for some other reason no signal is being detected) H5 
TRANS. OUTPUT SENSOR FAIL (or for some other reason no signal is being detected) H6 


SPEED CONTROL LEVER ERRORS 


UPSHIFT SWITCH OPEN U1 
UPSHIFT SWITCH SHORT U2 
DOWNSHIFT SWITCH OPEN U3 
DOWN SWITCH SHORT U4 
REVERSE SWITCH OPEN U5 
REVERSE SWITCH SHORT U6 
FORWARD SWITCH OPEN U7 
FORWARD SWITCH SHORT U8 
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CHAPTER 6 


CONDITION DISPLAYED MESSAGE 


INCHING PEDAL PEDAL SENSOR ERRORS 


INCHING PEDAL SHORT CIRCUIT TO EARTH 


Pt 


INCHING PEDAL SHORT CIRCUIT OR ADJUSTMENT BEYOND TOLERANCES P2 
INCHING PEDAL CALIBRATION ERROR LO P3 
INCHING PEDAL CALIBRATION ERROR HI P4 
INCHING PEDAL SWITCH STUCK OPEN P5 
INCHING PEDAL SWITCH STUCK CLOSED P6 
TCM ERRORS 
F1 CALIBRATION OFFSET CONSTANT V1 
F2 (FORWARD) CALIBRATION OFFSET CONSTANT V2 
F2 (REVERSE) CALIBRATION OFFSET CONSTANT V3 
PROGRAMMABLE SHUTTLE CONSTANT V4 
MEMORY CHECKSUM V5 
TCM GRID TEST ERRORS (SOLID STATE VERIFICATION) 
SOLENOID NO. 1 E1 
SOLENOID NO. 2 E2 
SOLENOID NO. 3 E3 
SOLENOID NO. A E4 
SOLENOID NO. B E5 
SOLENOID NO. C E6 
SOLENOID NO. F1 E7 
SOLENOID NO. F2 E8 
SOLENOID NO. F1 PWM E9 
SOLENOID NO. F2 PWM E10 
SOLENOID NO. REV E11 
SOLENOID NO. CREEP E12 
NOTE: Any displayed grid test error means that the TCM must be changed. 
SPEED CONTROL LEVER POWER UP ERRORS 
FORWARD F (FLASHING) 
REVERSE R (FLASHING) 
UPSHIFT U (FLASHING) 
DOWNSHIFT d (FLASHING) 
DIRECTIONAL SOLENOID INTERLOCK ERRORS 
DIRECTIONALS HAVE +12V WHEN IN NEUTRAL Pd (FLASHING) 
INSUFFICIENT PRESSURE TO CALIBRATE DIRECTIONAL CLUTCHES EL (FLASHING) 
TOO MUCH PRESSURE TO CALIBRATE DIRECTIONAL CLUTCHES EH (FLASHING) 
NOTE: lf any of the above error codes are displayed, remove and clean the modulator valves first 
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SUB SECTION D. —- ELECTRICAL AND ELECTRONIC TROUBLE SHOOTING 
GUIDE — INITIAL FAST CHECK 


The following guide is intended to assist the 
repair technician through a logical, quick 
approach to fault finding, following the self 
diagnosis capability of the displayed Error 
Code. The listed causes of the displayed 


Error Codes are possibly the most likely. 
However if the fault is not corrected it will be 
necessary to refer to the Secondary In—Depth 
Approach starting at page 
54. 


ERROR CODES A1 — A12 


SOLENOID ERRORS (SHORT CIRCUITS TO 
+V BATTERY) 


SOLENOID NO. 1 SHORT Al 1. 
SOLENOID NO. 2 SHORT A2 
SOLENOID NO. 3 SHORT A3 
SOLENOID NO. A SHORT A4 
SOLENOID NO. B SHORT A5 
SOLENOID NO. C SHORT A6 2. 
SOLENOID NO. F1 SHORT A7 
SOLENOID NO. F2 SHORT A8 
SOLENOID NO. MC1 SHORT AQ 3. 
SOLENOID NO. MC2 SHORT A10 
SOLENOID NO. REV SHORT A11 
SOLENOID NO. CREEP SHORT A12 


Diagnostic Procedure 


If disconnecting the appropriate solenoid con- 
nector the Error Code disappears then re- 
place the solenoid coil with a known good 
sample. 


If the Error Code remains on the display, re- 
place the TCM. 


If the Error Code remains on the display the 
fault must be inthe Wiring Harnesses. REFER 
TO PAGE 54 OF THE MAIN TROUBLE 
SHOOTING GUIDE 


ERROR CODES C1 -C12 


SOLENOID ERRORS (OPEN CIRCUITS OR 


SHORT CIRCUITS TO EARTH) 
SOLENOID NO. 1 OPEN C1 
SOLENOID NO. 2 OPEN c2 @- 
SOLENOID NO. 3 OPEN C3 
SOLENOID NO. A OPEN C4 
SOLENOID NO. B OPEN C5 
SOLENOID NO. C OPEN C6 
SOLENOID NO. F1 OPEN C7 
SOLENOID NO. F2 OPEN cel 
SOLENOID NO. MC1 OPEN cg 
SOLENOID NO. MC2 OPEN C10 
SOLENOID NO. REV OPEN C11 
SOLENOID NO. CREEP OPEN C12 


Diagnostic Procedure 


. Disconnect the appropriate solenoid connector. 


The Error Code will remain displayed. 


. Turn off the Keystart Switch and insert a wire be- 


tween the two mating pins of the appropriate cir- 
cuit. Turn on the keystart Switch. If the Error 
Code changes to Short Circuit the Harness is 
good. Replace the solenoid with a Known good 
sample. 

lf the original Error Code remains, replace the 


TCM. 
. If the error Code continues to remain on the dis- 


play the fault must be in the Wiring Harnesses. 
REFER TO PAGE 54 OF THE MAIN TROUBLE 
SHOOTING GUIDE. 


. If Error Codes C7, C8, and C11 all and only ap- 


pear, and the Speed Control Lever is in F or R, 


the Directional Interrupt Relaf Circuit is Question- 
able. Replace this relay. 

. Ifthe Error Codes are still displayed the fault must 
be in the Harnesses. _ 
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CHAPTER 6 


ERROR CODES H1 — H6 


SENSOR ERRORS 


TRANS OUTPUT SPEED SENSOR OPEN 
TRANS OUTPUT SPEED SENSOR SHORT 
TRANS INPUT SPEED SENSOR OPEN 


TRANS INPUT SPEED SENSOR SHORT 
TRANS INPUT SPEED SENSOR FAIL 
TRANS OUTPUT SPEED SENSOR FAIL 


H1 
H2 
H3 


H4 
H5 
H6 


Diagnostic Procedures 


A). Open Circuit Codes H1 and H3 


1. 


and connect a wire across the harness 
pins. The “Open” Error Code should 
change to ’Short”, if the Harness is good. 
Replace failed Sensor. 


. If the Error Code remains on the Display, 


replace the TCM. 


. If the Error Code still remains, the fault is 


in the Harnesses. REFER TO PAGE 54 
OF THE MAIN TROUBLE SHOOTING 
GUIDE. 


NOTE: A fault on the transmission output 


speed sensor will result in a zero speed 
display on the electronic instrument clus- 
ter. 


B). Short Circuit Codes H2 and H4 
Disconnect the Sensor from its harness 1. Disconnect the appropriate Sensor har- 


ness, the Error code should change to 
"Open’”. If so replace the failed Sensor. 


. If the Error Code remains on the Display, 


replace the TCM. 


. If the Error Code still remains, the fault is 


in the Harnesses. REFER TO PAGE 54 
OF THE MAIN TROUBLE SHOOTING 
GUIDE 


C). Sensor Fail Codes H5 and H6 


1. 
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Fault is not usually a Speed Sensor but 
more likely a mechanical problem in the 
transmission hydraulic main control 
valve, clutches etc. Refer to Mechanical 
Trouble Shooting Page 41. 
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ERROR CODES U1 — U8 


SPEED CONTROL LEVER ERRORS 


UPSHIFT SWITCH OPEN 
UPSHIFT SWITCH SHORT 


DOWNSHIFT SWITCH OPEN 


DOWN SWITCH SHORT 
REVERSE SWITCH OPEN 


REVERSE SWITCH SHORT 
FORWARD SWITCH OPEN 
FORWARD SWITCH SHORT 


U1 


Diagnostic Procedures 


A).No Error Codes are Actually Displayed 

but the Speed Control Lever does not Se- 

lect any Speeds 

1. Replace the Speed Control Lever Circuit 
Board. 


2. If the fault persists change the TCM. 


B). Short Circuit Codes U2, U4, U6, and 
U8 


1. Disconnect the Speed Control Lever 
Connector. Short” Circuit Codes should 
change to “Open” Circuit Codes. If not, 
replace the the Speed Control Lever Cir- 
cuit Board. 


2. If the displayed “Short” Error- Code re- 
mains, replace the TCM. 


3. If the Error Code still remains, the fault is 
in the Harnesses. REFER TO PAGE 54 
OF THE MAIN TROUBLE SHOOTING 
GUIDE. 


C). Open Circuit Codes U1, U3, U5, and 
U7 


1 
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Disconnect the Speed Control Lever 
Connector and insert awire to short har- 
ness Connector Pin 5 (Earth) and the 
Speed Control Lever circuit Pin in ques- 
tion. “Open” code should change to 
"Short” if the Harness is good. 


. If the displayed “Open” Error Code re- 


mains, replace the TCM. 


. Ifthe Error Code still remains, the fault is 


in the Harnesses. REFER TO PAGE 54 
OF THE MAIN TROUBLE SHOOTING 
GUIDE. 


CHAPTER 6 


FLASHING ERROR CODES F, R, U, and d. 


SPEED CONTROL LEVER POWER UP ERRORS 


FORWARD F (FLASHING) 
REVERSE R (FLASHING) 
UPSHIFT U (FLASHING) 
DOWNSHIFT d (FLASHING) 


Diagnostic Procedures 


1. If these flahing Error Codes appear with 


the Speed Control Lever in neutral, re- 
place the Speed Control Lever Circuit 
Board. 


. If the displayed flashing Error Code re- 


mains, replace the TCM 


. If the Error Code still remains, the fault is 


in the Harnesses. REFER TO PAGE 54 
OF THE MAIN TROUBLE SHOOTING 
GUIDE. 


ERROR CODES P1 — P6 
INCHING PEDAL PEDAL SENSOR ERRORS 


INCHING PEDAL SHORT CIRCUIT TO EARTH P1 
INCHING PEDAL OPEN CIRCUIT OR +V BAT P2 


INCHING PEDAL CALIBRATION ERROR LO P3 
INCHING PEDAL CALIBRATION ERROR Hl P4 
INCHING PEDAL SWITCH STUCK OPEN P5 
INCHING PEDAL SWITCH STUCK CLOSED P6 


A). Error Code P1 Short Circuit to Earth 


Le 


Depress the inching pedal half way, if the 
Error Code disappears, adjust the pedal 
position potentiometer as detailed in 
Section A of this Chapter. 


. If the displayed Error Code remains, re- 


place the pedal position potentiometer. 


. If the displayed Error Code remains, re- 


place the TCM. 


. the Error Code still remains, the fault is in 


the Harnesses. REFER TO PAGE 54 OF 
THE MAIN TROUBLE SHOOTING 
GUIDE. 


B). Error Code P2 Short Circuit to +12V 
or Open Circuit 


1; 


Depress the inching pedal half way, if the 
Error Code disappears, adjust the pedal 
position potentiometer as detailed in 
Section A of this Chapter. 


. If the displayed Error Code remains, re- 


place the pedal position potentiometer. 


. If the displayed Error Code remains, re- 


place the TCM. 


. the Error Code still remains, the fault is in 


the Harnesses. REFER TO PAGE 54 OF 
THE MAIN TROUBLE SHOOTING 
GUIDE. 
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C). Error Code P4 and P5 — 
1. Inching Pedal Position potentiometer is 


probably out of adjustment. Adjust the 
pedal potentiometer as detailed in Sec- 
tion A of this Chapter. | 


. If the displayed Error Code remains, re- 


place the pedal position potentiometer. 


. If the displayed Error Code remains, re- 


place the TCM. 


. the Error Code still remains, the fault is in 


the Harnesses. REFER TO PAGE 54 OF 
THE MAIN TROUBLE SHOOTING 
GUIDE. 


D). Error Code P5 and P6 
1. Inching Pedal position switch is probably 


out of adjustment, adjust the pedal posi- 
tion switch as detailed in Section A of this 
Chapter. 


. If the displayed Error Code remains, re- 


place the pedal position switch. 


. If the displayed Error Code remains, re- 


place the TCM. | 


. the Error Code still remains, the faultisin - 


the Harnesses. REFER TO PAGE 54 OF 
THE MAIN TROUBLE SHOOTING 
GUIDE. 


TCM 


PART 5 — TRANSMISSION SYSTEMS 


ERROR CODES V1 —- V5 


ERRORS 


F1 CALIBRATION OFFSET CONSTANT 
F2 (FORWARD) CALIBRATION OFFSET CONSTANT V2 
F2 (REVERSE) CALIBRATION OFFSET CONSTANT 


V3 


PROGRAMMABLE SHUTTLE CONSTANT 


MEMORY CHECKSUM 


V1 


V4 
V5 


Diagnostic Procedures 


** Error Codes V1, V2, and V3 


1. Perform the ’Clutch Torque Calibration” 
procedure as detailed in Section A, of 


this Chapter. 
2. if the displayed 
place the TCM. 


error Code remains, re- 


**V1, V2, and V3 will all be sequentially dis- 
played whenever a new TCM is installed 


and operated 


without performing the 


"Clutch Torque Calibration” procedure. 
Ensure the procedure is performed. 


SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 
SOLENOID NO. 


Error Code V4 


1. 


Perform the ”*Programming Reverse 
Speed Ratios” procedure as detailed in 
the Operators Manual. 


. If the displayed error Code remains, re- 


place the TCM. 


Error Code V5 


1. 


Replace the TCM and perform the 
"Clutch Torque Calibration” procedure 
as detailed in Section A, of this Chapter 
and the "Programming Reverse Speed 
Ratios” procedure as detailed in the Op- 
erators Manual. 


ERROR CODES E1 - E12 


TCM GRID TEST ERRORS (SOLID 
STATE VERIFICATION) 


1 E1 
2 E2 
3 E3 
A E4 
B E5 
C E6 
F1 E7 
F2 E8 
MC1 E9 
M2C E10 
REV E11 
CREEP E12 
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A 


Diagnostic Procedures 


lf any of the Error Codes E1 —E12 are dis- 
played, replace the TCM and perform the 
"Clutch Torque Calibration” procedure 
as detailed in Section A. 


New 


CHAPTER 6 


FLASHING ERROR CODE Pd 


TCM ERRORS 


DIRECTIONALS HAVE +12V WHEN IN NEUTRAL 
INSUFFICIENT PRESSURE TO CALIBRATE DIRECTIONAL CLUTCHES 
TOO MUCH PRESSURE TO CALIBRATE DIRECTIONAL CLUTCHES 


Pd (FLASHING) 
EL(FLASHING) 
EH(FLASHING) 


Diagnostic Procedures 
Error Code EL Flashing 


Error Code Pd Flashing 


1. 


With the Speed Control Lever in Neutral 
turn the Keystart Switch ON”. If the Error 
Code Pd flashes, fully depress the Inch- 
ing Pedal, turn the Keystart "OFF” and 
"ON” again. If the Error Code continues 
to be displayed perform the Inching 
Pedal Adustment procedure detailed in 
Section A of this Chapter. 


. If the displayed error Code remains, re- 


place the Directional Interrupt Relay. 


. If the displayed error Code remains, re- 


place the Inching Pedal Switch. 


. If the Error Code still remains, there is a 


+12V short in the Harnesses. REFER TO 
PAGE 54 OF THE MAIN TROUBLE 
SHOOTING GUIDE. 


1. 


Check if the transmission low pressure 
warning light on the electronic instrument 
panel is ON”. If so perform a flow test on 
the transmission hydraulic pump. See 
Section D of this Chapter "Flow Testing 
the Hydraulic Pump”. 


. If the displayed error Code remains, re- 


move and clean the MC1 or MC2 Modu- 
lating Valve Assembly, dependant on 
which clutch was being calibrated when 
the Error Code was displayed. (MC1 for 
F1 Clutch and MC2 for F2 and REV 
Clutches) 


** Error Code EH Flashing 

1. This code could possibly be displayed if 
the MC1 or MC2 Modulating Valves are 
stuck open or are contaminated such 
that the pilot orifice is open. If Error 
Codes A&8 or AQ are displayed replace 
the MC1 or MC2 solenoids. 

2. If the displayed error Code remains, 
pressure test the transmission hydraulic 
control valve pressure regulator as de- 
tailed in Section D of this Chapter. 

3. If the displayed Error Code remains. 
there is a remote possibility that some 
other control valve spool, other than MC1 
or MC2, is stuck in the open position. 


** Do not allow the engine speed to vary by 
switch on lights or allowing the air condi- 
tioner to function during the Clutch 
Torque Calibration procedure 
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PART 5 — TRANSMISSION SYSTEMS 


SUB SECTION E. —- ELECTRICAL AND ELECTRONIC TROUBLE SHOOTING 
GUIDE 


GO TO STEP 
STEP QUESTION IF COMMENTS 
YES 


IF 
NO 
Along with the symptoms,| E1 O1 This separates Error Code produced 
does an Error Code or Flash- faults from those faults that give no Er- 
ing Message appear on the ror Codes. 

Display? 


DISPLAY MODULE 


Perform this procedure when the Display and TCM have +12V 
but the Display does not show Speed selection indication 


Do all segments appear imme-| D3 D2 
diately after power-up? 


Is unit getting +12V (check if} — — Previous steps should have verified 
backlight bulb is on or +12V at that +12V exists at connector of Dis- 
pins 1 and 4 of connector D2. play Module. The Display module 
Pin 4 = +, and Pin 1 = Earth). should initially show all segments on 
Display module suspect. during power—up even if the communi- 


cation link is not functioning. 
Is the speed control lever be-; D5 D4 
having normally other than 
lack of Display information 


Suspect problem associated} — — Previous steps should have verified 

with TCM that +12V exists at TCM. If it is not per- 
forming normally and communicating 
with the Display Module, it should be 
considered suspect. 


Using multi-meter, is there; D7 D6 If continuity is present, the TCM or Dis- 
continuity between Pin 2 of play Module is suspect. 

Display Module Harness Con- 

nector D2, and Pin 11 of TCM 

Harness Connector D3 and 

between Pin 3 Display Module 

Harness Connector D2 and 

Pin 5 of TCM Harness Con- 

nector D3. 


There should be continuity in} — — 
the two serial communication 

lines. Check wires and termi- 

nals associated with Wires 

7275 and 7270. 


Power is present on both the} — — 
TCM and the Display and the 

Serial Communication Wires 

are conducting. The problem is 

either in the TCM or Display 

Module. Exchange either and 

determine which is defective. 
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CHAPTER 6 


GO TO STEP 
STEP QUESTION IF IF COMMENTS 
YES NO 


Refer to Error Code SELEC- 
TION TABLE. Select the Error 
Code combinations and func- 
tional symptoms that best 
match the fault encountered. 
Go to the step indicated on the 


table. If a combination of Error 
Codes and functional symp- 
toms do not match those 
shown in the table, take each 
Error Code that is observed 
and find them on the table and 
follow them through one ata 
time. 


ERROR CODE SELECTION TABLE 


POWER-UF FUNCTION/SYMPTOM GO To 
DIAGNOS- (EFFECT ON TRACTOR PROBABLE CAUSE STEP 
ICS FUNCTION) 


Al Tractor will not move and al-|Solenoid #1 — shorted, installed} E2 
ways displays Error Code backward, or short to +12V 

A2 Tractor will not move and al-|Solenoid #2 — shorted, installed} E8 
ways displays Error Code backward, or short to +12V 

A3 Tractor will not move and al-|Solenoid #3 — shorted, installed] E16 


ways displays Error Code backward, or short to +12V 


Solenoid A — shorted, installed} E22 


backward, or short to +12V 


Solenoid B — shorted, installed 
backward, or short to +12V 


A4 Tractor will not move and al- 
ways displays Error Code 


A5 © Tractor will not move and al- E30 


ways displays Error Code 


Solenoid C — shorted, installed| E38 


backward, or short to +12V 


Solenoid F1 — shorted, installed 
backward, or short to +12V 


Solenoid F2 — shorted, installed 
backward, or short to +12V 


Solenoid PWM1 — shorted, in 
stalled backward, or short to +12 


A6 | Tractor will not move and al- 
ways displays Error Code 


E44 


A7 Tractor will not move and al- 
ways displays Error Code 


A8 Tractor will not move and al- 
ways displays Error Code 


AY Tractor will not move and al- 
ways displays Error Code 


E52 


E58 


A10 Tractor will not move and al-|Solenoid PWM2 — shorted, in-| E64 
ways displays Error Code stalled backward, or short to 
+12V 
A11 Tractor will not move and al-|Solenoid R — shorted, installed| E70 


ways displays Error Code backward, or short to +12V 
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PART 5 — TRANSMISSION SYSTEMS 


POST 

POWER-— 
UP DIAG- 
NOSTICS 


A12 Tractor will not move and al 
ways displays Error Code 


FUNCTION/SYMPTOM 
(EFFECT ON TRACTOR 
FUNCTION) 


PROBABLE CAUSE 


Solenoid CR-— shorted, installed | 
backward, or short to +12V 


Solenoid #1 — Open Coil or wire, 
or short to earth on wire to TCM 


C1 Tractor will not move and al 
ways displays Error Code 


Solenoid #2 — Open Coil or wire, 
or short to earth on wire to TCM 


C2 Tractor will not move and al 
ways displays Error Code 


Solenoid #3 — Open Coil or wire, 
or short to earth on wire to TCM 


C3 Tractor will not move and al 
ways displays Error Code 


C4 Tractor will not move and al 
ways displays Error Code 


Solenoid A — Open Coil or wire, or 
short to earth on wire to TCM 


C5 Tractor will not move and al 
ways displays Error Code 


Solenoid B— Open Coil or wire, or 
short to earth on wire to TCM 


Solenoid C — Open Coil or wire, or 
short to earth on wire to TCM 


C6 Tractor will not move and al 
ways displays Error Code 


C7 #.2 | Tractor will not move and al 
ways displays Error Code 


C8 #.2 | Tractor will not move and al 
ways displays Error Code 


Solenoid F1 — Open Coil or wire, 
or short to earth on wire to TCM 


Solenoid F2 — Open Coil or wire, 
or short to earth on wire to TCM 


Solenoid PWM1 — Open Coil or 
wire, or short to earth on wire to 
TCM 


Solenoid PWM2 — Open Coil or 
wire, or short to earth on wire to 
TCM 

Solenoid R— Open Coil or wire, or 
short to earth on wire to TCM 


C9 Tractor will not move and al 
ways displays Error Code 


C10 Tractor will not move and al 
ways displays Error Code 


C11 Tractor will not move and al- 
ways displays Error Code 


Solenoid CR — Open Coil or wire, 
or short to earth on wire to TCM 


Open or Shortto earth TCM Pin 8. 
Open or short to earth TCM Pin 
17 


C12 Tractor will not move and al- 
ways displays Error Code 


P1 Tractor will not move and al- 
| ways displays Error Code 


Short to +12V TCM Pin 8 


P2 & P4 |P5,C7,C8|Tractor will not Inch 


C11 #5 Short to +12V TCM Pin 17 
P32 #6 Inching occurs when pedal al-| Inching Pedal mis—adjusted 
most fully released 
P4 P5 #8 Inching Pedal switch moves} Inching Pedal mis—adjusted 


#7 & 11. |C7, C8, or|tractor or tractor will not move 
C11#9 |and always displays Error 
Code 


P5 #10 {Inching position may change 


Inching Pedal Switch defective or 
open on wire to Pin 22 on TCM 
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H1 


H2 


H3 


H4 


H5 


H6 


V4 


U1 


U2 


U3 


U4 


H6 #3 


H6 #3 


H5 #3 


H5 #3 


CHAPTER 6 


FUNCTION/SYMPTOM 
(EFFECT ON TRACTOR PROBABLE CAUSE GO TO 
FUNCTION) STEP 


Inching Pedal Switch defective on E384/ 
open on wire to Pin 22 on TCM | E385 


Tractor will not move and al 
ways displays Error Code 


Defective/mis—adjusted Inching 
Pedal Switch, short on TCM Pin 
22 to +12V, or mis—adjusted 
Inching Pedal Position potenti- 
ometer 


Possible lack of Directional 
Solenoid shut off 


Defective output Speed sensor or} E405 
open or short to +12V on axle sig- 
nal line to TPM Pin 2 


Cannot select speeds beyond 
12th. No speed matching 


Cannot select speeds beyond 
12th. No speed matching 


Defective output Speed sensor or} E405 
open or short to earth on axle sig- 
nal line to TPM Pin 2 


Defective ERPM Speed Sensor} E419 
or open or short to +12V on 
ERPM signal line to TPM Pin 6 


Defective ERPM Speed Sensor} E419 
or open or short to earth on 
ERPM signal line to TPM Pin 6 


No speed matching 


No speed matching 


Defective ERPM Speed Sensor} E433 
or ERPM and Axle Sensor Con- 
nectors interchanged 


No speed matching 


Defective output Speed Sensor| E433 
or ERPM and output Sensor Con- 
nectors interchanged 


Defective TCM. Try 
Re-calibrating 


Defective Speed Control Lever or} E435 
wire from Speed Control Lever to 
TCM Pin 13 open or shorted to 
+12V 


Defective Speed Control Lever or| E435 
wire from Speed Control Lever to 
TCM Pin 13 shorted to earth 


Cannot select speeds beyond 
12th. No speed matching 


Programmable Shuttle Shift 
does not function 


Cannot up-shift 


Cannot up-shift 


Defective Speed Control Lever or| E435 
wire from Speed Control Lever to 
TCM Pin 4 open or shorted to 
+12V 


Cannot down-shift 


Defective Speed Control lever ofE435 
wire from Speed Control lever to 
TCM Pin 4 shorted to earth 


Cannot down—shift 


a7 


"| POWER- 
UP 
DIAGNOS- 
TICS 


‘p2.P4, [C7, Ca, Cannot down-shift 


U3 


U5 


U6 


U7 


U8 


Vior 
V2 or 
V3 


V5 


E1or 
E2 thru 
to E12 


"-” 


“Pq” 


P2&P4& 
U1&U3& 
U5&U7 


POST 
POWER- 
UP DIAG- 
NOSTICS 


Cii #4 


FUNCTION/SYMPTOM 
(EFFECT ON TRACTOR 
FUNCTION) 


Cannot inch 
Cannot move forward 


Cannot shift to Reverse 


Cannot shift to Reverse 


Cannot shift to Forward 


Cannot shift to Forward 


Cannot shift to beyond speed 9/TCM not calibrated—Re—calibrate 


in forward or reverse 


Inching and Shuttle Shifting 


harsh 


Tractor will not move and 
always displays Error Code 


Tractor will not move and 
always displays Error Code 


Tractor will not move and 
always displays Error Code 


Tractor will not move and 
always displays Error Code 


Tractor will not move and 
always displays Error Code 


Tractor will not move and 
always displays Error Code 


Tractor will not move and 
always displays Error Code 
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A. omer eReT + 


PROBABLE CAUSE 


Short on wire TPM Pin4to 
+12V 


Defective Speed Control Lever or 
wire from Speed Control Lever to 
TCM Pin 3 open or shorted to 
+12V 

Defective Speed Control Lever or 
wire from Speed Control Lever to 
TCM Pin 3 shorted to earth 


Defective Speed Control Lever or 
wire from Speed Control Lever to 
TCM Pin 7 open or shorted to 
+12V 


Defective Speed Control Lever or 
wire from Speed Control Lever to 
TCM Pin 7 shorted to earth 


TCM defective (lost calibration) 


TCM defective (memory failure) 
TCM defective (failed grid test) 


Powered up with Speed Control 
Lever in Forward or defective 
Speed Control Lever 


Powered up with Speed Control 
Lever in Reverse or defective 
Speed Control Lever 


Powered up with Speed Control 
Lever in Upshift or defective 
Speed Control Lever 


Powered up with Speed Control 
Lever in Downshift or defective 
Speed Conitro! Lever 


Powered up with Speed Control 
Lever not in neutral or Directional 
Interrupt circuit shorted 


Sensor Earth wire io TCM Pin 31 
open 


In the preceding tables covering Error Codes the ’Post Power—Up Diagnostics” column contains 
codes such as #1, #2 etc. The following notes explain these codes:— 


#1. 


#2. 


#3. 


#4. 


#5. 


#6. 


#7. 


#8. 


#9. 


#10. 


#11. 


#12. 


Post Power—Up Diagnostic Error Codes appear after electrical power is applied. Generally, 
some action such as Tractor movement, Inching Pedal movement, or Speed Control Lever 
movement causes these to appear. 


Error Codes such as C7, C8, and C11 appear when the Speed Control Lever is moved from 
Neutral to Forward or Reverse. Solenoids F1, F2, and R do not have +12V applied to them 
in Neutral. 


These Error Codes appear when the tractor starts to move. 


Error Codes C7, C8, and C11 appear when the Inching Pedal is depressed and the Speed 
Control Lever is moved from Neutral to Forward or Reverse. 


Error codes P5, C7, C8, and C11 appear if the Inching Pedal is depressed and then re- 
leased with a +12v short on wire(s) to TCM Pin 8 or 17. 


P3 will usually only appear if the Inching Pedal is peeeee during the Power—Up when the 
Inching Pedal is mis—adjusted. 


P4 will usually only appear if the Inching Pedal is fully released during the Power—Up when 
the Inching Pedal is mis—adjusted. 


lf P4 appears when the the Inching Pedal is released, P5 may likely appear when the Inch- 
ing Pedai is depressed and P4 will likely disappear. 


Since the Inching Pedal Switch appears to the TCM to be always open (P5 Error Code), the 
TCM tries to turn on Solenoids either Fi, F2, or R resulting in open circuit Error Codes. 


P5 appears only when the Speed Control Lever is moved from Neutral to Forward or Re- 
verse. 


Error codes P5, C7, C8. and C11 may or may not appear when the Inching Pedal is de- 
pressed depending upon the degree of mis—adjustment of the Inching Pedal Position Sen- 
sor. 


P6 will only appear when the Inching Pedal is depressed and the Speed Control lever is in 
Forward or Reverse. 
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E2 


E3 


E4 


E5 


Disconnect from each other 
the harness and Solenoid 
ends of the hydraulic control 
valve left hand 8 Pin Connec- 
tor C9. Disconnect the TCM 
Connector D3 from the TCM. 
Measure the resistance be- 
tween Pins 27 and 16 of the 
harness end of the TCM con- 
nector. Is it open circuit? 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
1 and 6 of the Solenoid side 
of the hyd. valve left hand 8 
pin Connector C9. (This is the 
resistance of the Solenoid 
coil #1). Is the resistance ap- 
prox. 1.8 ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 1 of the 
hyd. valve left hand 8 Pin 
Connector C9? 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 27 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve left hand 8 
Pin Connector C9 un- 


plugged. 


Does it show open circuit on 
all tests? 


GO TO STEP 
YES 

E4 E7 

E5 = 


PART 5 — TRANSMISSION SYSTEMS 


STEP| QUESTION AND INSTRUCTION 
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COMMENTS 


Disconnecting the subject Solenoid 
from the harness should allow the 
drive wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C). See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


If Yes , suspect the Solenoid coil or the 
TCM. If no, trace wire 7301 for short 
circuits. It should not connect to any 
other circuit and therefore should show 
open circuit to any other pin. 


E6 


E7 


E8 


E9 


E10 


CHAPTER 6 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF 
YES NO 


With the hyd. valve left hand | — 
8 Pin Connector C9 un- 
plugged and a short circuit 
showing between Pin 27 and 
16 of the TCM Connector D3 
(harness side unplugged 
from the TCM), Wire 7301 or 
its terminals must be shorted 
somewhere to +12V. Trace 
and inspect the wire and its 
terminals for short circuits to 
adjacent wires or terminals. 


Suspect a defective Solenoid | — — 
or its terminals in the connec- 
tor C9. 


Disconnect from each other | E9 F12 
the harness and Solenoid 

ends of the hyd. valve left 

hand 8 Pin Connector C9. 

Disconnect the TCM Con- 

nector D3 from the TCM. 

Measure the resistance be- 

tween Pins 32 and 16 of the 

harness end of the connector 

D3. Is it open circuit? 


The wire from the TCM tothe | E10 E15 
Solenoid appears not to be 

shorted to +12V. Measure 

the resistance between Pins 

2 and 7 of the Solenoid side 

of the hyd. valve left hand 

Connector C9 (this is the re- 

sistance of Solenoid coil #2). 

Is the resistance approx. 1.8 

ohms? 


Does the blue wire from the | E11 — 
Solenoid coil go to Pin 2 of the 

hyd. valve left hand 8 Pin 

Connector C9? 
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COMMENTS 


If it becomes difficult to find the short, 
monitor the multi-meter as the cable or 
harness is flexed and moved for some 
clue as to where the short exists. 


Disconnecting the subject Solenoid 
from the harness should allow the 
drive wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C). See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


oes PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E11 


E12 


E13 


E14 


E15 


lf Yes , suspect the Solenoid coil or the 
TCM. If no, trace Wire 7321A and 7321 
for shorts. These wires should not con- 
nect to any other circuit and therefore 
should show open circuit to any other 


pin. 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 32 to all 
other Pins of the harness side 
of the TCM Connector D3 ( 
unplugged from the TCM) 
with the hyd. valve left hand 8 
Pin Connector C9 un- 
plugged. Does it show open 
circuit on all tests? 


This isolates the short to between the 
TCM and the System Connector D6 
and the hyd. valve left hand 8 Pin Con- 
nector C9. 


With the hyd. valve left hand 
8 Pin Connector C9 un- 
plugged and a short showing 
between Pin 32 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), unplug the System 
Connector D6. Does the 
short circuit still exist? 


Short between the TCM and the Sys- 


Suspect Wires 7321A_ be- 
tem Connector D6. 


tween Pin 32 of the TCM Har- 
ness Connector D3 and Pin 
10 of the System Connector 
D6. (male section of connec- 
tor). 


Short between the System Connector 
D6 and the hyd. valve left hand 8 Pin 
Connector C9. | 


Suspect Wire 7321 between 
Pin 10 of the System Connec- 
tor D6 (female section of con- 
nector) and Pin 7 of the hyd. 
valve left hand 8 Pin Connec- 
tor C9 (harness side). 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor Cg. 
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CHAPTER 6 


ster GO TO STEP 
STEP} QUESTION AND INSTRUCTION | IF IF COMMENTS 
YES NO 

E16 | Disconnect from each other | E17 E20 Disconnecting the subject Solenoid 
the harness and Solenoid from the harness should allow the 
ends of the hyd. valve left drive wire from the Solenoid to the 
hand 8 Pin Connector C9. TCM to show open circuit to any +12V 
Disconnect the TCM Con- reference. 


nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 33 and 16 of the 
harness end of the connector 
D3. Is it open circuit? 


E17] The wire from the TCM tothe | E18 E21 This test determines if the Solenoid 


Solenoid appears not to be coil is shorted. It should not measure 
-|shorted to +12V. Measure less than 1.6 ohms at a temperature 

the resistance between Pins above 40°F. (+5°C) See further Sole- 
3 and 8 of the Solenoid side noid Test procedure, page 167. 
of the hyd. valve left hand 
Connector C9 (this is the re- The resistance will increase slightly 
sistance of Solenoid coil #3). | with temperature. 
Is the resistance approx. 1.8 
ohms? 

E18| Does the blue wire from the | E19 | — This verifies that the Solenoid is not in- 
Solenoid coil go to Pin 3 of the stalled backwards. The blue wire 
hyd. valve left hand 8 Pin should always go to the +12V. 


Connector C9? 


SS aE SCT SELLS CTS LOOSE SS | AN SS EAPO A SOA De ON? ES ETS SS SSS SS GOA Sh SiS SS cs RENEE > OH. 


E19) The wiring harness does not | — — If Yes , suspect the Solenoid coii or the 
indicate any +12V short prob- TCM. If no, trace Wire 7331 for shor's. 
lems. The Solenoid could be It should not connect to any other cir. 
defective even though it cuit and therefore should show open 
measures the correct resis- circuit to any other pin. 


tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 33 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve left hand 8 
Pin Connector C9 un- 


plugged. 


Does it show open circuit on 
all tests? 


A an A A Ee IE CARO 2 NS LET AO PA FEO NONTOXIC nts eet 
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STEP} QUESTION AND INSTRUCTION 


E20 


E21 


E22 


E23 


E24 


With the hyd. valve left hand 
8 Pin Connector C9 un- 
plugged and a short showing 
between Pin 33 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), Wire 7331 or its termi- 
nals must be shorted some- 
where to +12V. Trace and in- 
spect the wire and its termi- 
nals for shorts to adjacent 
wires or terminals. 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C9. 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve right 
hand 8 Pin Connector C11. 
Disconnect the TCM Con- 
nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 20 and 16 of the 
harness end of the connector 
D3. Is it open circuit? 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
4 and 7 of the Solenoid side 
of the hyd. valve right hand 8 
Pin Connector C11 (this is the 
resistance of Solenoid coil A). 
Is the resistance approx. 1.8 
ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 4 of the 
hyd. valve right hand 8 Pin 
Connector C11? 


GO TO STEP 
YES 

E26 

E29 
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COMMENTS 


If it becomes difficult to find the short, 
monitor the multi-meter as the cable or 
harness is flexed and moved for some 
clue as to where the short exists. 


Disconnecting the subject Solenoid 
from the harness should allow the 
drive wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


STEP| QUESTION AND INSTRUCTION 


E25 


E26 


E27 


E28 


E29 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 20 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve right hand 
8 Pin Connector C11 un- 
plugged. Does it show open 
circuit on all tests? 


With the hyd. valve right hand 
8 Pin Connector C11 un- 
plugged and a short showing 
between Pin 20 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), unplug the System 
Connector D6. Does the 
short circuit still exist? 


Suspect Wires 7361A be- 
tween Pin 20 of the TCM Har- 
ness Connector D3 and Pin8 
of the System Connector D6. 
(male section of connector). 


Suspect Wire 7361 between 
Pin 10 of the System Connec- 
tor D6 (female section of con- 
nector) and Pin 8 of the hyd. 
valve right hand 8 Pin Con- 
nector C11 (harness side). 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C11. 


GO TO STEP 


IF 
YES 


CHAPTER 6 
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COMMENTS 


If Yes , suspect the Solenoid coil or the 
TCM. If no, trace Wire 7361A and 7361 
for shorts. These wires should not con- 
nect to any other circuit and therefore 
should show open circuit to any other 


pin. 


This isolates the short to between the 
TCM and the System Connector D6 
and the hyd. valve right hand connec- 
tor C11. 


Short circuit between the TCM and the 
System Connector D6. 


short circuit between the System Con- 
nector D6 and the hyd. valve right hand 
8 Pin Connector C11. 


E30 


E31 


E32 


E33 


E34 


STEP| QUESTION AND INSTRUCTION F 
E31 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve right 
hand 8 Pin Connector C11. 
Disconnect the TCM Con- 
nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 37 and 16 of the 
harness end of the connector 
D3. Is it open circuit? 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
3 and 6 of the Solenoid side 
of the hyd. valve right hand 8 
Pin Connector (this is the re- 
sistance of Solenoid coil B). 
Is the resistance approx. 1.8 
ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 3 of the 
hyd. valve right hand 8 Pin 
Connector C11? 


The wiring harness does not 
indicate any +12V short prob- 


lems. The Solenoid could be 


defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 37 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve right hand 
8 Pin Connector c11 un- 
plugged. Does it show open 
circuit on all tests? 


with the hyd. valve right hand 
8 Pin Connector C11 un- 
plugged and a short showing 
between Pin 37 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), unplug the System 
Connector D6. Does the 
short circuit still exist? 
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GO TO STEP 


YES 


E32 


E33 


E35 


E37 


E36 
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COMMENTS 


Disconnecting the subject Solenoid 
from harness should allow the drive 
wire from the Solenoid to the TCM to 
show open circuit to any +12V refer- 
ence. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


lf Yes , suspect the Solenoid coil or the 
TCM. If no, trace Wire 7371A and 7371 
for shorts. These wires should not con- 
nect to any other circuit and therefore 
should show open circuit to any other 


pin. 


This isolates the short to between the 
TCM and the System Connector D6 
and the hyd. valve right hand connec- 
tor C11. 


E35 


E36 


E37 


E38 


E39 


E40 


Suspect Wires 7371A_ be- 
tween Pin 37 of the TCM Har- 
ness Connector D3 and Pin 
11 of the System Connector 
D6. (male side of connector). 


Suspect Wire 7371 between 
Pin 11 of the System Connec- 
tor D6 (female section of con- 
nector) and Pin 6 of the hyd. 
valve right hand 8 Pin Con- 
nector C11 (harness side). 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C11. 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve right 
hand 8 Pin Connector C11. 
Disconnect the TCM Con- 
nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 36 and 16 of the 
harness end of the connector 
D3. Is it open circuit? 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
2 and 5 of the Solenoid side 
of the hyd. valve right hand 8 
Pin Connector C11 (this is the 
resistance of Solenoid coil 
C). Is the resistance approx. 
1.8 ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 2 of the 
hyd. valve right hand 8 Pin 
Connector C11? 


E39 


E40 


E41 


CHAPTER 6 


=r TO STEP 
STEP| QUESTION AND INSTRUCTION 
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COMMENTS 


Short between the TCM and the Sys- 
tem Connector D6. 


Short between the System Connector 
D6 and the hyd. valve right hand 8 Pin 
Connector C11. 


Disconnecting the subject Solenoid 
from harness should allow the drive 
wire from the Solenoid to the TCM to 
show open circuit to any +12V refer- 
ence. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E41 


E42 


E43 


E44 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 36 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve right hand 
8 Pin Connector C11 un- 
plugged. Does it show open 
Circuit on all tests? 


With the hyd. valve right hand 
8 Pin Connector C11 un- 
plugged and a short showing 
between Pin 36 and 16 of the 


TCM Connector D3 (harness 


side unplugged from the 
TCM), Wire 7381 or its termi- 
nals must be shorted some- 
where to +12V. Trace and in- 
spect the wire and its termi- 
nals for shorts to adjacent 
wires or terminals. 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C11. 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve left 
hand 4 Pin Connector C10. 
Disconnect the TCM connec- 
tor D3 from the TCM. Meas- 
ure the resistance between 
Pins 23 and 16 of the harness 
end of the connector. Is it 
open circuit? 


E45 
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If yes , suspect the Solenoid coil or the 
TCM. If no, trace Wire 7381 for shorts. 
These wires should not connect to any 
other circuit and therefore should show 
open circuit to any other pin. 


If it becomes difficult to find the short, 
monitor the multi-meter as the cable or 
harness is flexed and moved for some 
clue as to where the short exists. 


Disconnecting the subject Solenoid 
from the wiring harne$s should allow 
the drive wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


STEP} QUESTION AND INSTRUCTION 


E45 


E46 


E47 


E48 


E49 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
1 and 2 of the Solenoid side 
of the hyd. valve left hand 4 
Pin Connector C10 (this is the 
resistance of Solenoid coil 
F1). Is the resistance approx. 
1.8 ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 1 of the 
hyd. valve left hand 4 Pin 
Connector C10? 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 23 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve left hand 4 
Pin Connector C10 un- 
plugged. Does it show open 
circuit on all tests? 


With the hyd. valve left hand 
4 Pin Connector C10 un- 
plugged and a short showing 
between Pin 23 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), unplug the System 
Connector D6. Does the 
short circuit still exist? 


Suspect Wires 7341A_ be- 
tween Pin 23 of the TCM Har- 
ness Connector D3 and Pin 
12 of the System Connector 
D6. (male section of connec- 
tor). 


CHAPTER 6 


GO TO STEP 
IF IF 
YES NO 
E46 
E47 
E49 
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COMMENTS 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


If yes , Suspect the Solenoid coil or the 
TCM. If no, trace Wire 7341A and 7341 
for shorts. These wires should not con- 
nect to any other circuit and therefore 
should show open circuit to any other 


pin. 


This isolates the short to between the 
TCM and the System Connector D6 
and the hyd. valve left hand 4 Pin Con- 
nector C10. 


Short between the TCM and the Sys- 
tem Connector D6. 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E50 


E51 


E52 


E53 


E54 


E55 


Short between the System Connector 
D6 and the hyd. valve left hand 4 Pin 
Connector C10. 


Suspect Wire 7341 between 
male Pin 12 of the System 
Connector D6 (female section 
of connector) and Pin 2 of the 
hyd. valve left hand 4 Pin Con- 
nector C10 (harness side). 


Suspect a defective Solenoid | — 
or its terminals in the connec- 
tor C10. 


Disconnecting the subject Solenoid 
from the harness should allow the 
drive Wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve left 
hand 4 Pin Connector C10. 
Disconnect the TCM Connec- 
tor D3 from the TCM. Measure 
the resistance between Pins 
24 and 16 of the harness end 
of the connector D3. Is it open 
circuit? 


This test determines if the Solenoid coil 
is shorted. It should not measure less 
than 1.6 ohms at a temperature above 
40°F. (+5°C) See further Solenoid Test 
procedure, page 167. 


The wire from the TCM to the 
Solenoid appears not to be. 
shorted to +12V. Measure the 
resistance between Pins 3 
and 4 of the Solenoid side of 
the hyd. valve left hand 4 Pin 
Connector C10 (this is the re- 
sistance of Solenoid coil F2). 
Is the resistance approx. 1.8 
ohms? 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue Wire 
should always go to the +12V. 


Does the blue wire from the 
Solenoid coil go to Pin 3 of the 
hyd. valve left hand 4 Pin Con- 
nector C10? 


lf yes , suspect the Solenoid coil or the 
TCM. If no, trace Wire 7351 for shorts. 
It should not connect to any other cir- 
cuit and therefore should show open 
circuit to any other pin. 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also be 
defective. As a final check of 
the harness, measure the re- 
sistance from Pin 24 to all 
other Pins of the harness side 
of the TCM Connector D3 (un- 
plugged from the TCM) with 
the hyd. valve left hand 4 Pin 
Connector C10 unplugged. 
Does it show open circuit on all 
tests? 
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E56 


E57 


E58 


E59 


E60 


With the hyd. valve left hand 
4 Pin Connector C10 un- 
plugged and a short showing 
between Pin 24 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), Wire 7351 or its termi- 
nals must be shorted some- 
where to +12V. Trace and in- 
spect the wire and its termi- 
nals for shorts to adjacent 
wires or terminals. 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C10. 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve right 
hand 8 Pin Connector C11. 
Disconnect the TCM Con- 
nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 26 and 16 of the 
harness end of the Connec- 
tor D3. Is it open circuit? 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
1 and 8 of the Solenoid side 
of the hyd. valve right hand 8 
Pin Connector C11 (this is the 
resistance of Solenoid coil 
MC1). Is the resistance ap- 
prox. 1.8 ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 8 of the 
hyd. valve right hand 8 Pin 
Connector C11? 


E59 


E60 


E61 


CHAPTER 6 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF 
YES NO 


E62 


E63 
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COMMENTS 


If it becomes difficult to find the short, 
monitor the multi-meter as the cable is 
flexed and moved for some clue as to 
where the short exists. 


Disconnecting the subject Solenoid 
from the harness should allow the 
drive wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


E61 


E62 


E63 


E64 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 26 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve right hand 
8 Pin Connector C11 un- 
plugged. Does it show open 
circuit on all tests? 


With the hyd. valve right hand 
8 Pin Connector C11 un- 
plugged and a short showing 
between Pin 26 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), Wire 7391 or its termi- 
nals must be shorted some- 
where to +12V. Trace and in- 
spect the wire and its termi- 
nals for shorts to adjacent 
wires or terminals. 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C11. 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve right 
hand 4 Pin Connector C12. 
Disconnect the TCM Con- 
nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 25 and 16 of the 
harness end of the connec- 
tor. Is it open circuit? 
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GO TO STEP 


STEP} QUESTION AND INSTRUCTION IF 
Y 


ES NO 


COMMENTS ' 
Sa 


If yes, suspect the Solenoid coil or the 
TCM. If no, trace 7391 for shorts. It 
should not connect to any other circuit 
and therefore, should show open cir- 
cuit to any other pin. 


If it becomes difficult to find the short, 
monitor the multi-meter as the cable or 
harness is flexed and moved for some 
clue as to where the short exists. 


Disconnecting the subject Solenoid 
from harness should allow the drive 
wire from the Solenoid to the TCM to 
show open circuit to any +12V refer- 
ence. 


E65 


E66 


E67 


E68 


E69 


The wire from the TCM to the} E66 
Solenoid appears not to be 
shorted to +12V. Measure the 
resistance between Pins 1 and 
3 of the Solenoid side of the 
hyd. valve right hand 4 Pin 
Connector C12 (this is the re- 
sistance of Solenoid coil 
MC2). Is the resistance ap- 
prox. 1.8 ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 1 of the 
hyd. valve right hand 4 Pin 
Connector C12? | 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it meas- 
ures the correct resistance. 
The TCM could also be defec- 
tive. As a final check of the har- 
ness, measure the resistance 
from Pin 25 to all other Pins of 
the harness side of the TCM 
Connector D3 _ (unplugged 
from the TCM) with the hyd. 
valve right hand 4 Pin Connec- 
tor C12 unplugged. 


Does it show open circuit on all 
tests? 


With the hyd. valve right hand 
4 Pin Connector C12 un- 
plugged and a short showing 
between Pin 25 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), wire 7393 or its termi- 
nals must be shorted some- 
where to +12V. Trace and in- 
spect the wire and its terminals 
for shorts to adjacent wires or 
terminals. 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C12 
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GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF 
YES NO 


COMMENTS 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The biue wire 
should always go to the +12V. 


If yes , suspect the Solenoid coil or the 
TCM. If no, trace Wire 7393 for shorts. 
It should not connect to any other cir- 
cuit and therefore should show open 
circuit to any other pin. ? 


If it becomes difficult to find the short, 
monitor the multi-meter as the cable or 
harness ts flexed and moved for some 
clue as to where the short exists. 


E70 


E71 


E72 


E73 


E74 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve right 
hand 4 Pin Connector C12. 
Disconnect the TCM Con- 
nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 30 and 16 of the 
harness end of the connector 
D3. Is it open circuit? 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
2 and 4 of the Solenoid side 
of the hyd. valve right hand 4 
Pin Connector C12 (this is the 
resistance of Solenoid coil 
R). ls the resistance approx. 
1.8 ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 4 of the 
hyd. valve right hand 4 Pin 
Connector C12? 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 30 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve right hand 
4 Pin Connector C12 un- 
plugged. Does it show open 
circuit on all tests? 


With the hyd. valve right hand 
4 Pin Connector C12 un- 
plugged and a short showing 
between Pin 30 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), unplug the System 
Connector D6. Does the 
short still exist? 


GO TO STEP 


STEP} QUESTION AND INSTRUCTION F 
E71 


YES 


E72 


E73 


E75 
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E77 


E76 


74 


COMMENTS 


Disconnecting the subject Solenoid 
from the harness should allow the 
drive wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


If yes , suspect the Solenoid coil or the 
TCM. If no, trace Wires 7356A and 
7356 for shorts. These wires should 
not connect to any other circuit and 
therefore should show open circuit to 
any other pin. 


This isolates the short to between the 
TCM and the System Connector D6 or 
between the System Connector and 
the hyd. valve right hand 4 Pin Con- 
nector C12. 
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STEP| QUESTION AND INSTRUCTION 


E75 


| E76 


E77 


E78 


E79 


E80 


Suspect Wires 7356A be- 
tween Pin 30 of the TCM Har- 
ness Connector D3 and Pin 9 
of the System Connector D6. 
(male section of connector). 


Suspect Wire 7356 between 
Pin 9 of the System Connec- 
tor D6 (female section of con- 
nector) and Pin 2 of the hyd. 
valve right hand 4 Pin Con- 
nector C12 (harness side). 


Suspect a defective Solenoid 
or its terminals in the Connec- 
tor C12. 


Disconnect from each other 
the harness and Solenoid 
ends of the hyd. valve left 
hand 8 Pin Connector C9. 
Disconnect the TCM Con- 
nector D3 from the TCM. 
Measure the resistance be- 
tween Pins 29 and 16 of the 
harness end of the Connec- 
tor D3. Is it open circuit? 


The wire from the TCM to the 
Solenoid appears not to be 
shorted to +12V. Measure 
the resistance between Pins 
4 and 5 of the Solenoid side 
of the hyd. valve left hand 8 
Pin Connector C9 (this is the 
resistance of Solenoid coil 
CR). Is the resistance ap- 
prox. 1.8 ohms? 


Does the blue wire from the 
Solenoid coil go to Pin 4 of the 
hyd. valve left hand 8 Pin 
Connector C9? 
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GO TO STEP 
IF IF 
YES NO 


E79 


E80 


E81 


75 


COMMENTS 


Short between the TCM and the Sys- 
tem Connector D6. 


Short between the System Connector 
D6 and the hyd. valve right hand 4 Pin 
Connector C12. 


Disconnecting the subject Solenoid 
from the harness should allow the 
drive wire from the Solenoid to the 
TCM to show open circuit to any +12V 
reference. 


This test determines if the Solenoid 
coil is shorted. It should not measure 
less than 1.6 ohms at a temperature 
above 40°F. (+5°C) See further Sole- 
noid Test procedure, page 167. 


The resistance will increase slightly 
with temperature. 


This verifies that the Solenoid Is not in- 
stalled backwards. The blue wire 
should always go to the +12V. 


E81 


E82 


E83 


E84 


The wiring harness does not 
indicate any +12V short prob- 
lems. The Solenoid could be 
defective even though it 
measures the correct resis- 
tance. The TCM could also 
be defective. As a final check 
of the harness, measure the 
resistance from Pin 29 to all 
other Pins of the harness side 
of the TCM Connector D3 
(unplugged from the TCM) 
with the hyd. valve left hand 8 
Pin Connector C9 un- 
plugged. Does it show open 
circuit on all tests? 


With the hyd. valve left hand 
8 Pin Connector C9 un- 
plugged and a short showing 
between Pin 29 and 16 of the 
TCM Connector D3 (harness 
side unplugged from the 
TCM), Wire 7396 or its termi- 
nals must be shorted some- 
where to +12V. Trace and in- 
spect the wire and its termi- 
nals for shorts to adjacent 
wires or terminals. 


Suspect a defective Solenoid 
or its terminals in the connec- 
tor C9. 


Turning the Keystart ON and 
OFF, “feel” the end of the So- 
lenoid coil #1 with a screw- 
driver. Does the magnetic 
field change when power is 
applied? 
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E92 
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COMMENTS 


lf Yes , suspect the Solenoid coil or the 
TCM. If no, trace Wire 7396 for shorts. 
It should not connect to any other cir- 
cuit and therefore should show open 
circuit to any other pin. 


If it becomes difficult to find the short, 
monitor the multi-meter as the cable or 
harness is flexed and moved for some 
clue as to where the short exists. 


The Error Code can be the result of 

three different situations — an open cir- 
cuit or high resistance where no or little 
coil current flows, a short to earth 
where the coil is always energised but 
the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
earth or defective TCM must exist 
since the coil should not be energised. 


STEP| QUESTION AND INSTRUCTION 


E85 


E86 


E87 


E88 


E89 


E90 


A short to earth or a defective 
TCM must be energising the 
coil. Disconnect the TCM 
Harness Connector D3 from 
the TCM and repeat the test 
described under E84 Does 
the magnetic field change 
when power is applied? 


Measure the resistance of 
Solenoid #1. Does it measure 
1.8 ohms? 


Defective Solenoid Coil 
Defective TCM. 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil #1 as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector. Discon— 
nect Valve left hand 8 Pin 
Connector C9 at the valve 
body. Measure the resis- 
tance from the Harness side 
of the TCM Connector D3 Pin 
27 to Earth. Does it measure 
an open circuit? 


A short existS on Wire 7301 to 
earth. Inspect this wire from 
the TCM Harness Connector 
D3 for shorts to Earth or adja- 
cent wires. 
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E89 
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COMMENTS 


This test determines if the current | 
flowing through the TCM or is an exter 
nal short to Earth. 


The resistance of the coil at 72°F should 
be 1.79 +3%. See further Solenoid Test 
procedure, page 167. 


The resistance of the coil at 72°F should 
be 1.79 +3%. See further Solenoid Test 
procedure, page 167. 


The TCM is causing the coil to energise 
but the unit shows open circuit. The coil 
appears not to be defective. 


lf the short is difficult to locate, monito 
the ohmmeter as set up in step E89 
while moving and flexing this wire. 


STEP} QUESTION AND INSTRUCTION 


E91 


E92 


E93 
E94 


E95 


E96 


Unless the problem is inter— 
mittent and conditions are 
changing, everything points 
to the Solenoid coil #1 and its 
terminals as the problem. To 
confirm, measure the resis- 
tance from Pin 6 of the Valve 
left hand 8 Pin Connector C9 
(Valve side) to Earth. A short 
circuit here confirms the 
problem. 


The problem appears to be 
an open circuit and not a 
short. Disconnect the TCM 
Harness Connector D3 from 
the TCM. Measure the volt- 
age at Pin 27. Is the voltage 
+12V (Battery voltage)? 


Suspect a defective TCM. 


Disconnect the hyd. valve left 
hand 8 Pin Connector C9 and 
measure the voltage on Pin 1 
on the harness side. Does it 
measure +12V. 


Measure the resistance be- 
tween Pin 6 of the hyd. valve 
left hand 8 Pin Connector C9 
(harness side) and Pin 27 of 
the TCM Connector D3 (har- 
ness side). Does it show con- 
tinuity? 


Wire 7301 is open between 
the hyd. valve left hand 8 Pin 
Connector C9 and the TCM 
Connector D3. Inspect the 
wire and its terminals for 
damage. 
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COMMENTS 


If this test can not confirm the problem, 
the defect must be intermittent. Re- 
peat step E89 while flexing Wire 7301. 
Look for any possible short to Earth on 
the return side of the Solenoid coil 
(Black lead of coil). 


This test may give erroneous informa- 
tion if a high resistance connection ex- 
ists that allows +12V to appear here 
but won’t carry the coil current. If Yes” 
and replacing the TCM does not solve 
the problem, repeat this step only load 
the voltmeter with a replacement Sole- 
noid coil (Blue lead to + lead of voltme- 
ter and black lead to Earth or — lead of 
voltmeter). The voltage should read 
approx. 1/2 of +12V (Battery voltage). 
If it falls to approx. O, a high resistance 
connection exists. If that is the case, 
proceed with step E94 using the load 
across the voltmeter. In step E94, the 
voltage should read +12V even with 
the coil loading the voltmeter. 


E98 


E99 


E100} Suspect Wire 7300 and its ter- 


E101} Unplug the System Connec- 


E102} Suspect Wire 7070JA and its 


E103} Suspect Wire 7070J and its 


E104) Suspect the Solenoid Coil or 


sent at the Valve Left hand 8 
Pin Connector D9. Voltage is 
not present at the TCM Con- 
nector D3. Measure the resis- 
tance between Pins 1 and 6 of 
valve left hand 8 Pin Connec- 
tor C9 (valve side). Does the 
resistance measure approx. 
1.8 ohms? 


The only electrical connec- 
tions that have been verified 
are the contacts in the valve 
left hand 8 Pin Connector C9. 
Reconnect this Connector. 
With the Keystart ON, monitor 
the voltage on Pin 27 of the 
TCM Connector D3 (Harness 
Side) while disconnecting and 
reconnecting the valve left 
hand 8 Pin Connector C9. 


Are all Direct Acting Solenoid 
coils except F1, F2, and R 
showing open circuit Error 
Codes? 


minals (including Splice D) 


tor. Is there +12V at Pin 2 of 
the System Connector D6 (fe- 
male section of connector)? 


terminals (including Splice D). 


terminals (including Splice A) 


its terminals. 
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E97 |+12V (Battery voltage) is pre- 


E104 


E100 


E103 
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COMMENTS 


See further Solenoid Test procedure, 
page 16/7. 


If the problem has not been found at 
this point, the problem is very likely in- 
termittent. Monitor the voltage at Pin 
27 of the TCM Connector D3 while 
flexing wires and connector terminals. 
If no success, repeat some of the pre- 
vious steps flexing some of the wires 
and connector terminals during the 
test. 


Answer YES ” if 1, 2, 3, A,B, and C are 
all showing Error Codes. 


Voltage is present at the System Con- 
nector D6 but not getting to the direct 
acting Solenoid coils. This wire and 
Splice D is the common link. 


The Display has +12V (since an Error 
Code was read on the Display) but the 
System Connector D6 does not have 
+12V on Pin 2 (female section of con- 
nector). 
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YES NO 


E105 


E106 


E10 


E108 


E109 


The Error Code can be the result of 
three different situations — an open cir- 
cuit or high resistance where no or little 
coil current flows, a short to earth 
where the coil is always energised but 
the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
earth or defective TCM must exist 
since the coil should not be energised. 


Turning the Keystart ON and} E106] E111 
OFF, "feel” the end of the Sole- 
noid coil #2 with a screwdriver. 
Does the magnetic field 
change when power is ap- 
plied? 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


A short to earth or a defective} E108} E107 
TCM must be energising the 
coil. Disconnect the TCM Har- 
ness Connector D3 from the 
TCM and repeat the test de- 
scribed under E105 Does the 
magnetic field change when 
power is applied? 


See further Solenoid Test procedure, 
page 167. 


Measure the resistance of So- | 
lenoid #2. Does it measure 1.8 
ohms? 


With the TCM disconnected,} E110} E109 
the magnetic field still can be 
felt at Solenoid coil #2 as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Harness 
Connector D3. Disconnect 
Valve left hand 8 Pin Connec- 
tor C9 at the valve body. 
Measure the resistance from 
the Harness side of the TCM 
Connector D3 Pin 32 to earth. 
Does it measure an open cir- 
cuit? 


If the short is difficult to locate, monitor 
the multi-meter as set up in step E108 
while moving and flexing this wire. 


A short exists on Wire 7321 or} E117| E118 
7321A to earth. Disconnect 
the System Connector D6. 
Measure the resistance from 
the Harness side of the TCM 
Connector D3 Pin 32 to earth. 


Does it measure open circuit? 
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E111 


E114 


E11 


E112 


If this test can not confirm the prob- 
lem, the defect must be intermittent. 
Repeat step E108 while flexing Wire 
7321. Look for any possible short to 
Earth on the return side of the Sole- 
noid coil (Black lead of coil). Inspect 
Pin 10 of the system connector (both 
ends) 


Unless the problem is inter—mit- 
tent and conditions are chang- 
ing, everything points to the So- 
lenoid coil #2 and its terminals as 
the problem. To confirm, meas- 
ure the resistance from Pin 7 of 
the Valve left hand 8 Pin Connec- 
tor C9 (Valve side) to chassis 
Earth. A short circuit here con- 
firms the problem. 


This test may give erroneous infor- 
mation if a high resistance connec- 
tion exists that allows +12V to appear 
here but won’t carry the coil current. 
If °Yes” and replacing the TCM does 
not solve the problem, repeat this 
step only load the voltmeter with a re- 
placement Solenoid coil (Blue lead to 
+ve lead of voltmeter and black lead 
to Earth or —-ve lead of voltmeter). 
The voltage should read approx. 1/2 
of +12V (Battery voltage). If it falls to 
approx. 0, a high resistance connec- 
tion exists. If that is the case, pro- 
ceed with step E112 using the load 
across the voltmeter. In step E112, 
the voltage should read +12V even 
with the coil loading the voltmeter. 


The problem appears to be an 
open circuit and not a short. Dis- 
connect the TCM Harness Con- 
nector D3 from the TCM. Meas- 
ure the voltage at Pin 32. Is the 
voltage +12V (Battery voltage)? 


Disconnect the hyd. valve left] E113] E123 
hand 8 Pin Connector C9 and 
measure the voltage on Pin 2 on 
the Harness side. Does it meas- 
ure +12V. 


Measure the resistance between} E115] E114 
Pin 7 of the hyd. valve left hand 8 
Pin Connector C9 (Harness side) 
and Pin 32 of the TCM Connector 
D3 (harness side). Does it show 
continuity? 


The connection is open between| E120; E119 
the Valve Left hand 8 Pin Con- 
nector C9 and the TCM Connec- 
tor D3. Disconnect the System 
Connector D6. Measure the re- 
sistance between Pin 10 System 
Connector D6 (male section of 
connector) and Pin 32 TCM Con- 
nector D3 (Harness side). Does it 
show continuity? 
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E115 +12V (Battery voltage) is pre-| E116} E104 
sent at the TCM Connector 
D3. Measure the resistance 
between Pins 2 and 7 of valve 
left hand 8 Pin Connector C9 
(valve side). Does the resis- 
tance measure appox. 1.8 
ohms? 


E116 The only electrical connec- 
tions that have been verified 
are the contacts in the valve 
left hand 8 Pin Connector C9. 
Reconnect this connector. 
With the Keystart ON, monitor 
the voltage on Pin 32 of the 
TCM Connector D3 (Harness 
Side) while disconnecting and 
reconnecting the valve left 
hand 8 Pin Connector C9. 


E117) Suspect Wire 7321 and its ter- 
minals for a short to Earth or 
adjacent Wires. 


E118 Suspect Wire 7321A and its 
terminals for a short to Earth or 
adjacent wires. 


E119) Suspect Wire 7321A and its 
terminals. 


E120) Measure the resistance be-} E122] E121 
tween Pin 10 System Connec- 
tor D6 (female section) and Pin 
7 of the hyd. valve left hand 8 
Pin Connector C9(Harness 
side). Does it show continuity? 


E121) Suspect Wire 7321 and its ter- 
minals. 


E122) The circuit measured open 
from the TCM Connector D3 to 
the valve left hand 8 Pin Con- 
nector C9, but each side of the 
System Connector D6 showed 
continuity. The problem is 
either intermittent or due to 
bad connections at the Sys- 
tem Connector D6. 
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COMMENTS 


See further Solenoid Test procedure, 
page 167. 


If the problem has not been found at 
this point, the problem is very likely in- 
termittent. Monitor the voltage at Pin 
32 of the TCM Connector D3 while 
flexing wires and connector terminals. 
lf no Success, repeat some of the pre- 
vious steps flexing some of the wires 
and connector terminals during the 
test. 


If the problem cannot be found repeat 
steps starting at E113 (System Con- 
nector Mated) while monitoring resis- 
tance readings, move and flex wires as 
well as connectors. Look for any inter- 
mittent conditions. 


STEP} QUESTION AND INSTRUCTION 


E123] Are all Direct Acting Solenoidj E101 


E124 


E125 


E126 


E127 


E128 


E129 


coils except Fi, F2, and R 
showing open circuit Error 
Codes? 


Disconnect System Connector 
D6 and measure the voltage 
on Pin 5 (male section of con- 
nector). Does it measure 
+12V? 


Suspect Wire 7320 and its ter- 
minals. 


Suspect Wire 7320B and its 
terminals (including Splice D) 


Turning the Keystart ON and 
OFF, "feel” the end of the Sole- 
noid coil #3 with a screwdriver. 
Does the magnetic field 
change when power is ap- 
plied? 


A short to earth or a defective 
TCM must be energising the 
coil. Disconnect the TCM Har- 
ness Connector D3 from the 
TCM and repeat the test de- 
scribed under E127 Does the 
magnetic field change when 
power is applied? 


Measure the resistance of So- 
lenoid #3. Does it measure 1.8 
ohms? 
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E132] E129 
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COMMENTS 


Answer YES "if 1,2, 3, A,B, and C are 
all showing Error Codes. 


lf all other direct acting Solenoids are 
getting power, +12V must be present 
at Splice D. Only this connection to 
Splice D is questionable. 


The Error Code can be the result of 
three different situations — an open Cir- 
cuit or high resistance where no or little 
coil current flows, a short to earth 
where the coil is always energised but 
the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
earth or defective TCM must exist 
since the coil should not be energised. 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


See further Solenoid Test procedure, 
page 167. 
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E130 


E131 


E132 


E13 


F134 


See further Solenoid Test procedure, 
page 167. 


Defective Solenoid Coil 


Defective TCM. The TCM is causing the coil to ener- 
gise but the unit shows open circuit. 
The coil appears not to be defective. 
With the TCM disconnected,| E134] E133 


the magnetic field still can be 
felt at Solenoid coil #3 as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Harness 
Connector D3. Disconnect 
Valve left hand 8 Pin Connec- 
tor C9 at the valve body. 
Measure the resistance from 
the Harness side of the TCM 
Connector D3 Pin 33 to earth. 
Does it measure an open cir- 
cuit? 


lf the short is difficult to locate, monitor 
the multi-meter as set up in step E132 
while moving and flexing this wire. 


A short exists on Wire 7331 to 
earth. Disconnect the System 
Connector D6. Measure the 
resistance from the Harness 
side of the TCM Connector D3 
Pin 32 to earth. Does it meas- 
ure open circuit? 


If this test can not confirm the problem, 
the defect must be intermittent. Re- 
peat step E132 while flexing Wire 
7331. Look for any possible short to 
Earth on the return side of the Solenoid 
coil (Black lead of coil). 


Unless the problem is inter— 
mittent and conditions are 
changing, everything points to 
the Solenoid coil #3 and its ter- 
minals as the problem. To 
confirm, measure the resis- 
tance from Pin 8 of the Valve 
left hand 8 Pin Connector C9 
(Valve side) to Earth. A short 
circuit here confirms the prob- 
lem. 
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STEP; QUESTION AND INSTRUCTION 


E135; The problem appears to be an 
open circuit and not a short. 
Disconnect the TCM Harness 
Connector D3 from the TCM. 
Measure the voltage at Pin 33. 
Is the voltage +12V (Battery 
voltage)? 


E136 Suspect a defective TCM 


E137) Disconnect the hyd. valve left 
hand 8 Pin Connector C9 and 
measure the voltage on Pin 3 
on the Harness side. Does it 


measure +12V. 


Measure the resistance be- 
tween Pin 8 of the hyd. valve 
left hand 8 Pin Connector C9 
(Harness side) and Pin 33 of 
the TCM Connector D3 (har- 
ness side). Does it show conti- 
nuity? 


E138 


E139 Wire 7331 is open between 
the valve left hand 8 Pin con- 
nector C9 and the TCM Con- 
nector D3. Inspect the wire 
and its terminals for damage. 
E140) +12V (Battery voltage) is pre- 
sent at the TCM Connector 
D3. Measure the resistance 
between Pins 3 and 8 of valve 
left hand 8 Pin Connector C9 
(valve side). Does the resis- 
tance measure approx. 1.8 
ohms? 
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COMMENTS 


This test may give erroneous informa- 
tion if a high resistance connection ex- 
ists that allows +12V to appear here 
but won’t carry the coil current. If "Yes” 
and replacing the TCM does not solve 
the problem, repeat this step only load 
the voltmeter with a replacement Sole- 
noid coil (Blue lead to +ve lead of volt- 
meter and black lead to Earth or —ve 
lead of voltmeter). The voltage should 
read approx. 1/2 of +12V (Battery volt- 
age). Ifitfalls to approx. 0, a high resis- 
tance connection exists. If that is the 
case, proceed with step E137 using 
the load across the voltmeter. In step 
E137, the voltage should read +12V 
even with the coil loading the voltme- 
ter. 


See further Solenoid Test procedure, 
page 167. 
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E141 


E14 


E143 


E14¢ 


1E14 


E146 


If the problem has not been found at 
this point, the problem is very likely in- 
termittent. Monitor the voltage at Pin 
33 of the TCM Connector while flexing 
wires and connector terminals. If no 
success, repeat some of the previous 
steps flexing some of the wires and 
connector terminals during the test. 


The only electrical connec-| — 
tions that have been verified 
are the contacts in the valve 
left hand 8 Pin Connector C9. | 
Reconnect this connector. 
With the Keystart ON, monitor 
the voltage on Pin 33 of the 
TCM Connector D3 (Harness 
Side) while disconnecting and 
reconnecting the valve left 
hand 8 Pin Connector C9. 


Answer "YES "if 1,2, 3, A,B, and C are 
all showing Error Codes. 


Are all Direct Acting Solenoid 
coils except F1, F2, and R 
showing open circuit Error 
Codes? 


Suspect Wire 7330 and its ter- 
minals (including Splice D) 


Turning the Keystart ON and] E145} E150 |The Error Code can be the result of 
OFF, "feel” the end of the Sole- three different situations — an open cir- 
noid coil #A with a screwdriver. cuit or high resistance where no or little 
Does the magnetic field coil current flows, a short to earth 
change when power is ap- where the coil is always energised but 
plied? the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
earth or defective TCM must exist 
since the coil should not be energised. 


A short to earth or a defective} E147] E146 | This test determines if the current is 
TCM must be energising the flowing through the TCM or is an exter- 
coil. Disconnect the TCM Har- nal short to Earth. 

ness Connector D3 from the 
TCM and repeat the test de- 
scribed under E144. Does the 
magnetic field change when 
power is applied? 


See further Solenoid Test procedure, 
page 167. 


Measure the resistance of So- 
lenoid coil A. Does it measure 
1.8 ohms? 
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E14 


E148 


E149 


E150 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil A as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect hyd. valve right hand 8 
Pin Connector C11 at the 
valve body. Measure the re- 
sistance from the Harness 
side of TCM Connector D3 Pin 
20 to Earth. Does it measure 
an open circuit? 


A short exists on Wire 7361 or 
7361A to Earth. Disconnect 
the System Connector D6. 
Measure the resistance from 
the Harness side of the TCM 
Connector D3 Pin 20 to Earth. 
Does it measure open circuit? 


Unless the problem is intermit- 
tent and conditions are chang- 
ing, everything points to the 
Solenoid coil A and its termi- 
nals as the problem. To con- 
firm, measure the resistance 
from Pin 7 of the valve right 
hand 8 Pin Connector C11 
(valve side) to Earth. A short 
circuit here confirms the prob- 
lem. 


The problem appears to be an 
open circuit and not a short. 
Disconnect the TCM Harness 
Connector D3 from the TCM. 
Measure the voltage at Pin 20. 
Is the voltage +12V (battery 
voltage) 


E156] E157 


E93 
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E149) E148 


E151 
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If the short is difficult to locate, monitor 
the multi-meter as set up in step E147 
while moving and flexing this wire. 


If this test can not confirm the problem, 
the defect must be intermittent. Repeat 
step E147 while flexing wire 7361 and 
7361A. Look for any possible short to 
Earth on the return side of the Solenoid 
coil (Black lead of coil). Inspect Pin 8 of 
the System Connector D6 (both ends). 


This test may give erroneous informa- 
tion if a high resistance connection ex- 
ists that allows +12V to appear here but 
won'tcarry the coil current. If”"Yes” and 
replacing the TCM does not solve the 
problem, repeat this step only load the 
voltmeter with a replacement Solenoid 
coil (Blue lead to +ve_ lead of voltmeter 
and black lead to Earth or —ve lead of 
voltmeter). The voltage should read 
approx. 1/2 of +12V (Battery voltage). 
If it falls to approx. 0, a high resistance 
connection exists. If that is the case, 
proceed with step E151 using the load 
across the voltmeter. Instep E151, the 
voltage should read +1 2V even with the 
coil loading the voltmeter. 


ques PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


151} Disconnect the valve right hand 8| E152 | E162 
Pin Connector C11 and measure 
the voltage on Pin 4 on the Harness 
side. Does it measure +12V (Battery 
Voltage)? 


E152| Measure the resistance between} E154} E153 
Pin 7 of the hyd. valve right hand 8 
Pin Connector C11 (Harness side) 
and Pin 20 of TCM Connector D3 
(Harness side). Does it show conti- 
nuity? 


E153} The connection is open between the; E159} E158 
Valve right hand 8 Pin Connector 
C11 and the TCM Connector D3. 
Disconnect the System Connector 
D6. Measure the resistance be- 
tween Pin 8 of System Connector 
D6 (male section) and Pin 20 of 
TCM Connector D3 (Harness side). 
Does this show continuity? 


E155 | E104 | See further Solenoid Test proce- 


£154) +12V (Battery Voltage) is present at 
dure, page 167. 


the valve right hand 8 Pin Connector 
Ci1. Voltage is not present at the 
TCM Connector D3. Measure the 
resistance between Pins 4 and 7 of 
valve right hand 8 Pin Connector 
C11 (valve side). Does the resis- 
tance measure approx. 1.8 ohms? 


If the problem has not been found 
at this point, the problem is very 
likely intermittent. Monitor the volt- 
age at Pin 20 of the TCM Connec- 
tor D3 while flexing wires and con- 
nector terminals. If no success, 
repeat some of the previous steps 
flexing some of the wires and con- 
nector terminals during the test. 


E155] The only electrical connections that 
have not been verified are the con- 
tacts in the valve right hand 8 Pin 
Connector C11. Reconnect this 
Connector. With Keystart ON, moni- 
tor the voltage on Pin 20 of the TCM 
Connector D3 (Harness side) while 
disconnecting and reconnecting the 
valve right hand 8 Pin Connector 
C11. 


E156] Suspect Wire 7361 and its terminals 
for ashort to Earth or adjacent wires. 


E157} Suspect Wire 7361A and its termi- 
nals for a short to Earth or adjacent 
wires. 
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YES NO 


E158) Suspect Wire 7361A and its 
terminals. 


E159 Measure the resistance be- 
tween Pin 8 System Connec- 
tor D6 (female section) and 
Pin 7 of hyd. valve right hand 
8 Pin Connector C12 (Har- 
ness side). Does this show 
continuity? 


E160| Suspect Wire 7361 and its 
terminals. 


If the problem can not be found repeat 
steps starting at E152 (System Connec- 
tor mated) while monitoring resistance 
readings, move and flex wires as well as 
connectors. Look for any intermittent 
conditions. 


E161} The circuit measured open 
from the TCM Connector D3 
to the valve right hand 8 Pin 
Connector C11 but yet each 
side of the System Connector 
D6 showed continuity. The 
problem is either intermittent 
or due to bad connections at 
the System Connector D6. 


Answer Yes” if 1,2,3,A,B, and C all are 
showing Error Codes. 


E162 Are all Direct Acting Solenoid 
coils except F1, F2, and R 
showing open circuit Error 
Codes? 


E163) Disconnect System Connec- 
tor D6 and measure the volt- 
age on Pin 3 (male section of 
connector). Does it measure 
+12V? 


, 


E164 Suspect Wire 7360 and its 


terminals. 


If all other Direct Acting Solenoids are 
getting power, +12V must be present at 
Splice D. Only this connection to Splice 
D is questionable. 


E165) Suspect Wire 7360B and its 
terminals including Splice D. 


The Error Code can be the result of three 
different situations — an open circuit or 
high resistance where no or too little coil 
current flows, a short to Earth where the 
coil is always energised but the current 
does not flow through the TCM, or a de- 
fective TCM. This test helps sort out 
which condition exists. If a magnetic 
field is present, a short to Earth or defec- 
tive TCM must exist since the coil should 
not be energised. 


E166 Turning the Keystart ON and 
OFF (Cycling system power 
ON and OFF), ’feel” the end 
of the Solenoid coil B with a 
screwdriver or similar metal 
instrument. Does the mag- 
netic field change when 
power is applied? 
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E169; E168 | This test determines if the current is 


E16 


E168 


E169 


A short to Earth or a defective 
TCM must be energising the 
coil. Disconnect the TCM 
Harness Connector D3 from 
the TCM and repeat the test 
described under E166. Does 
the magnetic field change 
when power is applied? 


Measure the resistance of 
Solenoid coil B. Does it 
measure approximately 1.8 
ohms? 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil B as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect hyd. valve right hand 8 
Pin Connector C11 at the 
valve body. Measure the re- 
sistance from the Harness 
side of TCM Connector D3 
Pin 37 to Earth. Does it 
measure an open circuit? 


E88 


E171 


flowing through the TCM or is an exter- 
nal short to Earth. 


E87 See further Solenoid Test procedure, 
page 16/7. 


E170 
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STEP| QUESTION AND INSTRUCTION IF IF 
| YES NO 


E170; A short exists on Wire 7371 © 


E171 


E172 


E17 


or 7371A to Earth. Discon- 
nect the System Connector 
D6. Measure the resistance 
from the Harness side of the 
TCM Connector D3 Pin 37 to 
Earth. Does it measure open 
circuit? 


Unless the problem is inter- 
mittent and conditions are 
changing, everything points 
to the Solenoid coil B and its 
terminals as the problem. To 
confirm, measure the resis- 
tance from Pin 6 of the hyd. 
valve right hand 8 Pin Con- 
nector C11 (Valve side) to 
Earth. A short circuit here 
confirms the problem. 


The problem appears to be 
an open circuit and not a 
short. Disconnect the TCM 
Harness Connector D3 from 
the TCM. Measure the volt- 
age at Pin 37. Is the voltage 
+12V (Battery voltage)? 


Disconnect the Valve right 
hand 8 Pin Connector C11 
and measure the voltage on 
Pin 3 on the Harness side. 
Does it measure +12V (Bat- 
tery Voltage)? 


E178} E179 


E93 |; E173 


E174; E184 
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If the short is difficult to locate, monitor 
the multi-meter as set up in step E169 
while moving and flexing this wire. 


If this test can not confirm the problem, 
the defect must be intermittent. Re- 
peat step E169 while flexing Wires 
7371 and 7371A. Look for any possi- 
ble short to Earth on the return side of 
the Solenoid coil (Black lead of coil). 
Inspect Pin 11 of the System Connec- 
tor D6 (both ends). 


This test may give the erroneous infor- 
mation if a high resistance connection 
exists that allows +12V to appear here 
but won't carry the coil current. If "Yes” 
and replacing the TCM does not solve 
the problem, repeat this step only load 
the voltmeter with a replacement Sole- 
noid coil (Blue lead to +ve lead of volt- 
meter and black lead to Earth or —ve 
lead of voltmeter). The voltage should 
read approx. 1/2 of +12V (Battery volt- 
age). If it falls to approx. 0, a high resis- 
tance connection exists. If that is the 
case, proceed with step E173 using 
the load across the voltmeter. In step 
E173, the voltage should read +12V 
even with the coil loading the voltme- 
ter. 


E174 


E17 


E176 


E17 


E178 


E179 


Measure the resistance be- 
tween Pin 6 of the hyd. valve 
right hand 8 Pin Connector 
C11 (Harness side) and Pin 
37 of TCM Connector D3 
(Harness side). Does it show 
continuity? 


The connection is open be- 
tween the hyd. valve right 
hand 8 Pin Connector C11 
and the TCM Connector D3. 
Disconnect the System Con- 
nector D6. Measure the re- 
sistance between Pin 11 of 
the System Connector D6 
(male section of connector) 
and Pin 37 of the TCM Con- 
nector D3 (Harness side). 
Does is show continuity? 


+12V (Battery Voltage) is 
Present at the Valve right 
hand 8 Pin Connector C11. 
Voltage is not present at the 
TCM Connector. Measure 
the resistance between Pins 
3 and 6 of hyd. valve right 
hand 8 Pin Connector C11 
(Valve side). Does the resis- 
tance measure approx. 1.8 
ohms? 


The only electrical connec- 
tions that have not been veri- 
fied are the contacts in the 
hyd. valve right hand 8 Pin 
Connector C11. Reconnect 
this connector. With Keystart 
ON, monitor the voltage on 
Pin 37 of the TCM Connector 
D3 (Harness side) while dis- 
connecting and reconnecting 
the hyd. valve right hand 8 
Pin Connector C11. 


Suspect Wire 7371 and its 
terminals for a short to Earth 
or adjacent wires. 


Suspect Wire 7371A and its 
terminals for a short to Earth 
or adjacent wires. 


PART 5 — TRANSMISSION SYSTEMS 


STEP}; QUESTION AND INSTRUCTION 


GO TO STEP 
COMMENTS 


YES 


E176| E175 


E181} E180 


E177| E104 | See further Solenoid Test procedure, 
page 16/7. 


— — If the problem has not been found at 
this point, the problem is very likely in- 
termittent. Monitor the voltage at Pin 
37 of the TCM Connector D3 while 
flexing wires and connector terminals. 
lf no success, repeat some of the pre- 
vious steps flexing some of the wires 
and connector terminals during the 
test. 
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E180 


E181 


E182 


E18 


E184 


E18 


E186 


E18 


Suspect Wire 7371A and its 
terminals. 


Measure the resistance be- 
tween Pin 11 of the System 
Connector D6 (female sec- 
tion of connector) and Pin 6 of 
the hyd. valve right hand 8 
Pin Connector C11 (Harness 
side). Does it show continu- 
ity? 


Suspect Wire 7371 and its ter- 
minals. 


The circuit measured open 
from the TCM Connector D3 
to the hyd. valve right hand 8 
Pin Connector C11, but yet 
each side of the System Con- 
nector D6 showed continuity. 
The problem is either inter- 
mittent or due to bad connec- 
tions at the System Connec- 
tor D6. 


Are all Direct Acting Solenoid 
coils except F1, F2, and R 
showing open circuit Error 
Codes? 


Disconnect the System Con- 
nector D6, and measure the 
voltage on Pin 6 (male sec- 
tion of connector). Does it 
measure +12V? 


Suspect Wire 7370 and its 
terminals. 


Suspect Wire 7370B and its 
terminals including Splice D. 


CHAPTER 6 


GO TO STEP 
IF IF COMMENTS 
YES NO 


E183} E182 


If the problem can not be found repeat 
steps starting at E174 (System Con- 
nector Mated) while monitoring resis- 
tance readings, move and flex wires 
as well as connectors. Look for any in- 
termittent conditions. 


Answer ’Yes’ if 1,2,3,A,B, and C all are 
showing Error Codes. 


E186} £187 


If all other Direct Acting Solenoids are 
getting power, +12V must be present 
at Splice D. Only this connection to 
Splice D is questionable. 
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YES 


E189} E196 


E188 


E189 


E190 


E19 


Turning the Keystart ON.and 
OFF (Cycling system power 
ON and OFF), "feel” the end 
of the Solenoid coil C with a 
screwdriver or similar metal 
instrument. Does the mag- 
netic field change when 
power is applied? 


A short to Earth or a defective 
TCM must be energizing the 
coil. Disconnect the TCM 
Harness Connector D3 from 
the TCM and repeat the test 
described under E188. Does 
the magnetic field change 
when power is applied? 


Measure the resistance of 
Solenoid coil C. Does it 
measure approximately 1.8 
ohms? 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil C as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect the hyd. valve right hand 
8 Pin Connector C11 at the 
valve body. Measure the re- 
sistance from the Harness 
side of TCM Connector D3 
Pin 36 to Earth. Does it 
measure an open circuit? 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
IF IF 


E193] E190 


E195] E194 
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The Error Code can be the result of 
three different situations — an open cir- 
cuit or high resistance where no or too 
little coil current flows, a short to Earth 
where the coil is always energised but 
the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
Earth or defective TCM must exist 
since the coil should not be energised. 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


See further Solenoid Test procedure, 
page 16/7. 


STEP] QUESTION AND INSTRUCTION 


E194 


E19 


E196 


E19 


E198 


A short exists on wire 7381 to 
Earth. Inspect this wire from 
the TCM Harness Connector 
D3 to the hyd. valve right 
hand 8 Pin Connector C11 for 
shorts to Earth or adjacent 
wires. 


Unless the problem is inter- 
mittent and conditions are 
changing, everything points 
to the Solenoid coil C and its 
terminals as the problem. To 
confirm, measure the resis- 
tance from Pin 5 of the hyd. 
valve right hand 8 Pin Con- 
nector C11 (Valve side) to 
Earth. A short circuit here 
confirms the problem. 


The problem appears to be 
an open circuit and not a 
short. Disconnect the TCM 
Harness Connector D3 from 
the TCM. Measure the volt- 
age at Pin 36. Is the voltage 
+12V (Battery voltage) 


Suspect a defective TCM. 


Disconnect the Valve right 
hand 8 Pin Connector C11 
and measure the voltage on 
Pin 2 on the Harness side. 
Does it measure +12V (Bat- 
tery Voltage)? 


CHAPTER 6 
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E198 


E203 
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If the short is difficult to locate, monitor 
the multi-meter as set up in step E193 
while moving and flexing this wire. 


If this test can not confirm the problem, 
the defect must be intermittent. Re- 
peat step E193 while flexing Wire 
7381. Look for any possible short to 
Earth on the return side of the Solenoid 
coil (Black lead of coil). 


This test may give the erroneous infor- 
mation if a high resistance connection 
exists that allows +12V to appear here 
but won't carry the coil current. If "Yes” 
and replacing the TCM does not solve 
the problem, repeat this step only load 
the Voltmeter with a replacement Sole- 
noid coil (Blue lead to +ve lead of volt- 
meter and black lead to Earth or -ve 
lead of voltmeter). The voltage should 
read approx. 1/2 of +12V (Battery volt- 
age). Ifit falls to approx. 0, a high resis- 
tance connection exists. If that is the 
case, proceed with step E198 using 
the load across the voltmeter. In step 
E198, the voltage should read +12V 
even with the coil loading the voltme- 
ter. 


E199 


E200 


E201 


E202 


E20 


E204 


Measure the resistance be- 
tween Pin 5 of the hyd. valve 
right hand 8 Pin Connector 
C11 (Harness side) and Pin 
36 of the TCM Connector D3 
(Harness side). Does it show 
continuity? 


Wire 7381 is open between 
the hyd. valve right hand 8 
Pin Connector C11 and the 
TCM Connector D3. Inspect 
the wire and its terminals for 
damage. 


+12V (Battery Voltage) is 
present at the Valve right 


‘hand 8 Pin Connector C11. 


Voltage is not present at the 
TCM Connector D3. Meas- 
ure the resistance between 
Pins 2 and 5 of the hyd. valve 
right hand 8 Pin Connector 
Ci1 (Valve side). Does the 
resistance measure approx. 
1.8 ohms? 


The only electrical connec- 
tions that have not been veri- 
fied are the contacts in the 
hyd. valve right hand 8 Pin 
Connector C11. Reconnect 
this connector. With Keystart 
ON, monitor the voltage on 
Pin 36 of the TCM Connector 
D3 (Harness side) while dis- 
connecting and reconnecting 
the valve right hand 8 Pin 
Connector C11. 


Are all Direct Acting Solenoid 
coils except F1, F2, and R 
showing open circuit Error 
Codes? 


Suspect Wire 7380 and its 
terminals (Including Splice 


D). 
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E201} E200 
E202] E104 
E101| E204 
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See further Solenoid Test procedure, 
page 167. 


If the problem has not been found at 
this point, the problem is very likely in- 
termittent. Monitor the voltage at Pin 
36 of the TCM Connector D3 while 
flexing wires and connector terminals. 
If no success, repeat some of the pre- 
vious steps flexing some of the wires 
and connector terminals during the 
test. 


Answer Yes’ if 1,2,3,A,B, and C all are 
showing Error Codes. 


Deo ed 
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COMMENTS 


The Error Code can be the result of 


E20 


Turning the Keystart ON and | E206} E211 


OFF (cycling system power 
ON and OFF), “feel” the end 
of Solenoid coil F1 with a 
screwdriver of similar metal 
instrument. Does the mag- 
netic field change When 
power is applied? 


three different situations — an open cir- 
cuit or high resistance where no, or too 
little coil current flows, a short to Earth 
where the coil is always energised but 
the current does not flow through the 
TCM, or a defective TCM. This 
test.helps sort out which condition ex- 


ists. If a magnetic field is present, a 
short to Earth or defective TCM must 
exist since the coil should not be ener- 
gised. 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


E206 Ashortto Earth oradefective | E208} E207 
TCM must be energizing the 
coil. Disconnect the TCM 
Harness Connector D3 from 
the TCM and repeat the test 
described under E205. Does 
the magnetic field change 
when power is applied? 


See further Solenoid Test procedure, 
page 16/7. 


E207; Measure the resistance of | E88 
Solenoid coil F1. Does it 
measure approximately 1.8 
ohms? 


E208 With the TCM disconnected, | E210] E209 
the magnetic field still can be 
felt at Solenoid coil F1 as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect hyd. valve left hand 4 
Pin Connector C10 at the 
valve body. Measure the re- 
sistance from the Harness 
side of TCM Connector D3 
Pin 23 to Earth. Does it 
measure an open circuit? 
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GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF COMMENTS 
YES 


E209 


E210 


E211 


E21 


E213 


If short is difficult to locate, monitor the 
multi-meter as set up in step E208 
while moving and flexing this wire. 


A short exists on Wire 7341 or 
7341A to Earth. Disconnect 
the System Connector D6. 
Measure the resistance from 
the Harness side of the TCM 
Connector D3, Pin 23 to Earth. 
Does it measure open circuit? 


lf this test can not conform the prob- 
lem, the defect must be intermittent. 
Repeat step E208 while flexing Wires 
7341 and 7341A. Look for any possi- 
ble short to Earth on the return side of 
the Solenoid coil (Black lead of coil). 
Inspect Pin 12 of the System Connec- 
tor D6 (both ends). 


Unless the problem is intermit- 
tent and conditions are chang- 
ing, everything points to the 
Solenoid coil F1 and its termi- 
nals as the problem. To con- 
firm, measure the resistance 
from Pin 2 of the hyd. valve left 
hand 4 Pin Connector C12 
(Valve side) to Earth. A short 
circuit here confirms the prob- 
lem. 


This test may give erroneous informa- 
tion if a high resistance connection ex- 
ists that allows +12V to appear but 
won't carry the coil current. If “Yes” 
and replacing the TCM does not solve 
the problem, repeat this step only load 
the voltmeter with a replacement Sole- 
noid coil (Blue lead to +ve lead of volt- 
meter and Black lead to Earth or —-ve 
lead of voltmeter). The voltage should 
read approx. 1/2 of +12V (Battery volt- 
age). If it falls to approx. 0, a high resis- 
tance connection exists. If that is the 
case, proceed with step E212 using 
the load across the voltmeter. In step 
| E212, the voltage should read +12V 

even with the coil loading the voltme- 
ter. - 


The problem appears to be an 
open circuit and not a short. 
Disconnect the TCM Harness 
Connector D3 from the TCM. 
Measure the voltage at Pin 23. 
Is the voltage +12V (Battery 
voltage)? 


Disconnect the hyd. valve left 
hand 4 Pin Connector C10 and 
measure the voltage on Pin 1 
on the Harness side. Does it 
measure +12V (Battery Volt- 
age)? 


Measure the resistance be- 
tween Pin 2 of the hyd. valve 
left hand 4 Pin Connector C10 
(Harness side) and Pin 23 of 
TCM Connector D3 (Harness 
side). Does it show continuity? 
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E214 


E21 


E216 


E21 


E218 


E219 


E220 


The connection is open between 
the hyd. valve left hand 4 Pin 
Connector C10 and the TCM 
Connector D3. Disconnect the 
System Connector D6. Measure 
the resistance between Pin 12 
on System Connector D6 (male 
section of connector) and Pin 23 
on TCM Connector D3 (Harness 
side). Does is show continuity? 


See further Solenoid Test proce- 


+12V (Battery Voltage) is pre- 
dure, page 167. 


sent at the Valve left hand 4 Pin 
Connector C10. Voltage is not 
present at the TCM Connector 
D3. Measure the resistance be- 
tween Pins 1 and 2 of the hyd. 
valve left hand 4 Pin Connector 
C10 (Valve side). Does the re- 
sistance measure approx. 1.8 
ohms ? 


If the problem has not been found at 
this point, the problem is very likely 
intermittent. Monitor the voltage at 
Pin 23 of the TCM Connector D3 
while flexing wires and connector 
terminals. If no success, repeat 
some of the previous steps: flexing 
some of the wires and connector 
terminals during test. 


The only electrical corrections 
that have not been verified are 
the contacts in the hyd. valve left 
hand 4 Pin Connector C10. Re- 
connect this Connector. With the 
Keystart ON, monitor the voltage 
on Pin 23 of the TCM Connector 
D3 (Harness side) while discon- 
necting and reconnecting the 
valve left hand 4 Pin Connector 
C10. 


Suspect Wire 7341 and its termi- 
nals for a short to Earth or adja- 
cent wires. 


Suspect Wire 7341A and its ter- 
minals for a short to Earth or ad- 
jacent wires. 


Suspect Wire 7341A and its ter- 
minals. 


Measure the resistance between 
male Pin 12 of the System Con- 
nector D6 (female section) and 
Pin 2 of the hyd. valve left hand 4 
Pin Connector C10 (Harness 
side). Does it show continuity? 
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YES 


E221] Suspect Wire 7341 and its 
terminals. 


E222] The circuit measured open 
from the TCM Connector D3 
to the hyd. valve left hand 4 
Pin Connector C10, but yet 
each side of the System Con- 
nector D6 showed continuity. 
The problem is either inter- 
mittent or due to bad connec- 
tions at the System Connec- _ 
tor D6. 


E223) Disconnect the System Con- 
nector D6. Is +12V present 
on Pin 1 of the System Con- 


nector (female section)? 


Measure the resistance from 
female Pin 1 to Pin 7 on the 
System Connector 
(TCM/+12V side). Does it 
show open circuit? 


E224 


E225 Suspect Wires 7290B and 
7340B along with their termi- 


nals and Splice F. 


Measure the resistance from 
Pin 7 on the System Connec- 
tor D6 (female section of con- 
nector) to Pin 1 on hyd. valve 
left hand 4 Pin Connector 
C10 (Harness side). Does it 
show open circuit? 


E226 


E227| Suspect Wire 7340 and its 


terminals. 


All resistance tests indicate 
that +12V should exist on 
Pin 1 of Valve left hand 4 Pin 
Connector C10 with all Con- 
nectors engaged. 


E228 
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If the problem can not be found repeat 
steps starting at E213 (System Con- 
nector mated) while monitoring resis- 
tance readings, move and flex wires as 
well as connectors. Look for any inter- 
mittent condition. 


If +12V does not exist at Pin 1, proceed 
to the Solenoid Energisation section to 
test for presence of +12V on the direc- 
tional interrupt circuit. 


+12V present at System Connector D6 
but not at hyd. valve left hand 4 Pin 
Connector C10. 


Repeat step E212 flexing wires and 
disengaging and re—engaging the Sys- 
tem Connector D6. The problem is 
either intermittent or involves the con- 
tacts on the System Connector. Ex- 
amine Pins 1 and 7. 


STEP; QUESTION AND INSTRUCTION 


E229 


E230 


E231 


E23¢ 


Turning the Keystart ON and 
OFF (Cycling system power 
ON and OFF), "feel” the end 
of the Solenoid coil F2 with a 
screwdriver or similar metal 
instrument. Does the mag- 
netic field change when 
power is applied? 


A short to Earth or a defective 
TCM must be energizing the 
coil. Disconnect the TCM 
Harness Connector D3 from 
the TCM and repeat the test 
described under E229. Does 
the magnetic field change 
when power is applied? 


Measure the resistance of 
Solenoid coil F2. Does it 
measure approximately 1.8 
ohms? 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil F2 as the 
Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect hyd. valve left hand 4 
Pin Connector C10 at the 
valve body. Measure the re- 
sistance from the Harness 
side of TCM Connector D3 
Pin 24 to Earth. Does it 
measure an open circuit? 


GO TO STEP 
IF IF 
YES NO 


E230} E237 


E234} E231 


E236 | E235 
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COMMENTS 


The Error Code can be the result of 
three different situations — an open cir- 
cuit or high resistance where no or too 
little coil current flows, a short to Earth 
where the coil is always energised but 
the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
Earth or defective TCM must exist 
since the coil should not be energised. 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


See further Solenoid Test procedure, 
page 16/7. 


PART 5— TRANSMISSION SYSTEMS = 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E23 


E236 


E23 


E238 


E239 


If the short is difficult to locate, monitor 
the multi-meter as set up in step E234 
while moving and flexing this wire. 


A short exists on Wire 7351 to 
Earth. Inspect this wire from 
the TCM Harness Connector 
D3 to hyd. valve left hand 4 Pin 
Connector C10 for shorts to 
chassis or adjacent wires 
Earth. 


If this test can not confirm the problem, 
the defect must be intermittent. Re- 
peat step E234 While flexing wire 
7351. Look for any possible short to 
Earth on the return.side of the Solenoid 
coil (Black lead of coil). 


Unless the problem is intermit- 
tent and conditions are chang- 
ing, everything points to the 
Solenoid coil F2 and its termi- 
nals as the problem. To con- 
firm, measure the resistance 
from Pin 4 of the hyd. valve left 
hand 4 Pin Connector C10 
(Valve side) to Earth. A short 
circuit here confirms the prob- 
lem. 


The problem appears to be an} E238] E239 | This test may give the erroneous infor- 
open circuit and not a short. mation if a high resistance connection 
Disconnect the TCM Harness exists that allows +12V to appear here 
Connector D3 from the TCM. but won't carry the coil current. If Yes” 
Measure the voltage at Pin 24. and replacing the TCM does not solve 
Is the voltage +12V (Battery the problem, repeat this step only load 
voltage)? the voltmeter with a replacement Sole- 
noid coil (Blue lead to +ve lead of volt- 
meter and black lead to Earth or —ve 
lead of voltmeter). The voltage should 
read approx. 1/2 of +12V (Battery volt- 
age). If it falls to approx. 0, a high resis- 
tance connection exists. If that is the 
case, proceed with step E239 using 
the load across the voltmeter. In step 
E239, the voltage should read +12V 
even with the coil loading the voltme- 
ter. 


Suspect a defective TCM. 


Disconnect the hyd. valve left} E240; E244 
hand 4 Pin Connector C10 
and measure the voltage on 
Pin 3 on the Harness side. 
Does it measure +12V (Bat- 
tery Voltage)? 
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GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E240) Measure the resistance be- F241 
tween Pin 4 of the hyd. valve 
left hand 4 Pin Connector 
C10 (Harness side) and Pin 
24 of the TCM Connector D3 
(Harness side). Does it show 
continuity? 


E241] Wire 7351 is open between — 
the hyd. valve left hand 4 Pin 
Connector C10 and the TCM 
Connector D3. Inspect wire 
and its terminals for damage. 


E242 +12V (Battery Voltage) is E104 | See further Solenoid Test procedure, 
present at the hyd. valve left page 167. 
hand 4 Pin Connector C10. 
Voltage is not present at the 
TCM Connector D3. Meas- 
ure the resistance between 
Pins 3 and 4 of the valve left 
hand 4 Pin Connector C10 
(Valve side). Does the resis- 
tance measure approx. 1.8 


ohms? 

E243) The only electrical connec- — lf the problem has not been found at 
tions that have not been veri- this point, the problem is very likely in- 
fied are the contacts in the termittent. Monitor the voltage at Pin 
hyd. valve left hand 4 Pin 24 of the TCM Connector D3 while 
Connector C10. Reconnect flexing wires and connector terminals. 
this Connector. With Keys- If no success, repeat some of the pre- 
tart ON, monitor the voltage vious steps flexing some of the wires 
on Pin 24 of the TCM Con- and connector terminals during the 
nector D3 (Harness side) test. 


while disconnecting and re- 
connecting the valve left 
hand 4 Pin Connector C10. 
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GO TO STEP : 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E244 


E24 


E246 


E24 


E248 


E249 


E250 


Disconnect System Connec- 
tor D6. Is +12V present on 
Pin 1 of System Connector 
(female section )? 


Suspect Wires 7350 and 
7290B along with their termi- 
nals and Splice F. 


Turning the Keystart ON and 
OFF (Cycling system power 
on and OFF), "feel” the end of 
the Solenoid coil MC1 with a 
screwdriver or similar metal 
instrument. Does the mag- 
netic field change when 
power is applied? 


A short to Earth or a defective 
TCM must be energizing the 
coil. Disconnect the TCM 
Harness Connector D3 from 
the TCM and repeat the test 
described under E246. Does 
the magnetic field change 
when power is applied? 


Measure the resistance of 
Solenoid coil MC1. Does it 
measure approximately 1.8 
ohms? 


Defective Solenoid Coil. 


Defective TCM. 


E247] E254 


E250] E249 
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If +12V does not exist on Pin 1, pro- 
ceed to the Solenoid Energisation sec- 
tion to test for presence of +12V onthe 
directional interrupt circuit. 


Also inspect Pin 1 on the System Con- 
nector D6. 


The Error Code can be the result of 
three different situations — an open cir- 
cuit or high resistance where no or too 
little coil current flows, a short to Earth 


where the coil is always energised but 


the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
Earth or defective TCM must exist 
since the coil should not be energised. 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


See further Solenoid Test procedure, 
page 167. 


See further Solenoid Test procedure, 
page 16/7. 


The TCM is causing the coil to ener- 
gise but the unit shows open circuit. 
The coil appears not to be defective. 


—— 


CHAPTER 6 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E251 


E252 


E253 


E254 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil MC1 as 
the Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect the hyd. valve right hand 
8 Pin Connector C11 at the 
valve body. Measure the re- 
sistance from the Harness 
side of TCM Connector D3 
Pin 26 to Earth. Does it 
measure an open circuit? 


A short exists on Wire 7391 to 
Earth. Inspect this wire from 
the TCM Harness Connector 
D3 to the valve right hand 8 
Pin Connector C11 for shorts 
adjacent wires to Earth. 
Does it measure open cir- 
cuit? 


Unless the problem is inter- 
mittent and conditions are 
changing, everything points 
to the Solenoid coil MC1 and 
its terminals as the problem. 
To confirm, measure the re- 
sistance from Pin 1 of the 
hyd. valve right hand 8 Pin 
Connector C11 (Valve side) 
to Earth. A short circuit here 
confirms the problem. 


The problem appears to be 
an open circuit and not a 
short. Disconnect the TCM 
Harness Connector D3 from 
the TCM. Measure the volt- 
age at Pin 26. Is the voltage 
+12V (Battery voltage)? 
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If the short is difficult to locate, monitor 
the multi-meter as set up in step E251 
while moving and flexing this wire. 


If this test can not confirm the problem, 
the defect must be intermittent. Repeat 
step E251 while flexing Wire 7391. Look 
for any possible short to Earth on the re- 
turn side of the Solenoid coil (Black lead 
of coil). 


This test may give the erroneous infor- 
mation if a high resistance connection ex- 
ists that allows +12V to appear here but 
won't carry the coil current. If "Yes” and 
replacing the TCM does not solve the 
problem, repeat this step only load the 
voltmeter with a replacement Solenoid 
coil (Blue lead to +ve lead of voltmeter 
and black lead to Earth or—ve lead of volt- 
meter). The voltage should read approx. 
1/2 of +12V (Battery voltage). If it falls to 
approx. 0, a high resistance connection 
exists. If that is the case, proceed with 
step E256 using the load across the volt- 
meter. In step E256, the voltage should 
read +12V even With the coil loading the 
voltmeter. 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF 
YES NO 


E25 
E256 


E25 


E258 


E259 


E260 


E261 


E26 


Suspect a defective TCM. 


Disconnect the hyd. valve right] E257; E261 
hand 8 Pin Connector C11 and 
measure the voltage on Pin 8 on 
the Harness side. Does it meas- 
ure +12V (Battery Voltage)? 
Measure the resistance between| E259} E258 
Pin 1 of the hyd. valve right hand 8 
Pin Connector C11 (Harness 
side) and Pin 26 of the TCM Con- 
nector D3 (Harness side). Does it 
show continuity? 


Wire 7391 is open between the 
hyd. valve right hand 8 Pin Con- 
nector C11 and the TCM Connec- 
tor D3. Inspect wire and its termi- 
nals for damage. 
+12V (Battery Voltage) is present} E260} E104 
at the hyd. valve right hand 8 Pin 
Connector C11. Voltage is not 
present at the TCM Connector 
D3. Measure the resistance be- 
tween Pins 1 and 8 of the hyd 
valve right hand 8 Pin Connector 
C11 (Valve side). Does the resis- 


tance measure approx. 1.8 
ohms? 
The only electrical connections 


that have not been verified are the 
contacts in the hyd. valve right 
hand 8 Pin Connector C11. Re- 
connect this Connector. With 
Keystart ON, monitor the voltage 
on Pin 26 of the TCM Connector 
D3 {Harness side) while discon- 
necting and reconnecting the 
valve right hand 8 Pin Connector 
C11. 

Are all Direct acting Solenoid coils} E263 | E262 
except F1, F2, and R showing 
open circuit Error Codes? 


Suspect Wire 7390 and its termi-| — 
nals (Including Splice D). 
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COMMENTS 


See further Solenoid Test proce- 
dure, page 167. 


lf the problem has not been found at 
this point, the problem is very likely 
intermittent. Monitor the voltage at 
Pin 26 of the TCM Connector while 
flexing wires and connector termi- 
nals. If no success,repeat some of 
the previous steps flexing some of 
the wires and connector terminals 
during the test. 


Answer Yes’ if 1,2,3,A,B, and C all 
are showing Error Codes. 


CHAPTER 6 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E263) Unplug the System Connec- | E264] E265 
tor D6. Is there +12V at Pin2 
of the System Connector 
(male section of connector)? 


Voltage is present at the System Con- 
nector D6, but not getting to the direct 
acting Solenoid coils. This wire and 
Splice D is the common link. 


E264 Suspect Wire 7070JA and its 
terminals. (Including Splice 
D.) 


The Display has +12V (since an Error 
Code was read on the Display) but the 
System Connector D6 does not have 
+12V on Pin 2 (male section of connec- 
tor). 


E265) Suspect Wire 7070J and its 
terminals. (Including Splice 
A. 


E266) Turning the Keystart ON and | E267] E274 | The Error Code can be the result of 
OFF (Cycling system power three different situations — an open cir- 
ON and OFF), feel” the end cuit or high resistance where no or too 
of the Solenoid coil MC2 with little coil current flows, a short to Earth 
a screwdriver or similar metal where the coil is always energised but 
instrument. Does the mag- the current does not flow through the 
netic field change when TCM, or a defective TCM. This test 
power is applied? helps sort out which condition exists. If 
a magnetic field is present, a short to 
Earth or defective TCM must exist 
since the coil should not be energised. 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


E267) Ashort to Earth or a defective 
TCM must be energizing the 
coil. Disconnect the TCM 
Harness Connector D3 from 
the TCM and repeat the test 
described under E266. Does 
the magnetic field change 
when power is applied? 


E268 Measure the resistance of | E270] E269 | See further Solenoid Test procedure, 
Solenoid coil MC2. Does it page 167. 
measure approximately 1.8 
ohms? 
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E269 


E270 


E271 


E27 


E273 


Defective Solenoid Coil. 


Defective TCM. 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil MC2 as 
the Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect hyd. valve right hand 4 
Pin Connector C12 at the 
valve body. Measure the re- 
sistance from the Harness 
side of TCM Connector D3 
Pin 25 to Earth. Does it 
measure an open circuit? 


A short exists on Wire 7393 to 
Earth. Inspect this wire from 
the TCM Harness Connector 
D3 to hyd. valve left hand 8 
Pin Connector C9 for shorts 
to chassis or adjacent wires. 


Unless the problem is inter- 
mittent and conditions are 
changing, everything points 
to the Solenoid coil MC2 and 
its terminals as the problem. 
To confirm, measure the re- 
sistance from Pin 3 of the 
hyd. valve right hand 4 Pin 
Connector C12 (Valve side) 
to Earth. A short circuit here 
confirms the problem. 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF 
YES NO 
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COMMENTS \ 


Soe _74 


see further Solenoid Test procedure, 
page 16/7. 


The TCM is causing the coil to ener- 
gise but the unit shows open circuit. 
The coil appears not to be defective. 


lf the short is difficult to locate, monitor 
the multi-meter as set up in step E271 
while moving and flexing this wire. 


lf this test can not confirm the problem, 
the defect must be intermittent. Repeat 
step E271 while flexing Wire 7393. 
Look for any possible short to Earth on 
the return side of the Solenoid coil 
(black lead of coil). 


E274 


E27 
E276 


E27 


E278 


E279 


The problem appears to be 
an open circuit and not a 
short. Disconnect the TCM 
Harness Connector D3 from 
the TCM. Measure the volt- 
age at Pin 25. Is the voltage 
+12V (Battery voltage)? 


Suspect a defective TCM. 


Disconnect the hyd. valve 
right hand 4 Pin Connector 
C12 and measure the voltage 
on Pin 1 on the Harness side. 
Does it measure +12V (Bat- 
tery Voltage)? 


Measure the resistance be- 
tween Pin 3 of the hyd. valve 
right hand 4 Pin Connector 
Ci2 (Harness side) and Pin 
25 of TCM Connector D3 
(Harness side). Does it show 
continuity? 


Wire 7393 is open between 
the hyd. valve right hand 4 
Pin Connector C12 and the 
TCM Connector D3. Inspect 
wire and its terminals for 
damage. 


+12V (Battery Voltage) is 
present at the hyd. valve right 
hand 4 Pin Connector C12. 
Voltage is not present at the 
TCM Connector D3. Meas- 
ure the resistance between 
Pins 1 and 3 of Valve right 
hand 4 Pin Connector (Valve 
side). Does the resistance 
measure approx. 1.8 ohms? 


E275| E276 


E277 | E281 


E279} E278 


E280; E104 
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This test may give the erroneous infor- 
mation if a high resistance connection 
exists that allows +12V to appear here 
but won't carry the coil current. If "Yes” 
and replacing the TCM does not solve 
the problem, repeat this step. Only 
load the voltmeter with a replacement 
Solenoid coil (Blue lead to +ve lead of 
voltmeter and black lead to Earth or 
—ve lead of voltmeter). The voltage 
should read approx. 1/2 of +12V (Bat- 
tery voltage). If it falls to approx. 0, a 
high resistance connection exists. If 
that is the case, proceed with step 
E276 using the load across the voltme- 
ter. In step E276, the voltage should 
read +12V even with the coil loading 
the voltmeter. 


See further Solenoid Test procedure, 
page 16/7. 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E280 


E281 


E282 


E28 


E284 


E28 


If the problem has not been found at 
this point, the problem is very likely in- 
termittent. Monitor the voltage at Pin 
25 of the TCM Connector D3 while 
flexing wires and Connector terminals. 
If no success, repeat some of the pre- 
vious steps flexing some of the wires 
and Connector terminals during the 
test. 


The only electrical connec- 
tions that have not been veri- 
fied are the contacts in the 
hyd. valve right hand 4 Pin 
Connector C12. Reconnect 
this connector. With Keystart 
ON, monitor the voltage on 
Pin 25 of the TCM Connector 
D3 (Harness side) While dis- 
connecting and reconnecting 
the valve right hand 4 Pin 
Connector C12. 


Answer ’Yes’ if 1,2,3,A,B, and C all are 


Are all Direct Acting Solenoid 
showing Error Codes. 


coils except F1, F2, and R 
showing open circuit Error 
Codes? 


Suspect Wire 7392 and its 
terminals (Including Splice 
D). 


Unplug the System Connec- 
tor D6. Is there +12V at Pin 2 
of the System Connector 
(male section of connector)? 


Voltage is present at the System Con- 
nector D6 but not getting to the direct 
acting Solenoid coils. This wire and 
Splice D is the common link. 


Suspect Wire 7070JA and its 
terminals. (Including Splice 
D.) | 


The Display has +12V (since an Error 
Code was read on the Display) but the 
System Connector D6 does not have 
+12V on Pin 2 (female section). 


Suspect Wire 7070J and its 
terminals. (Including Splice 
A.) 
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STEP} QUESTION AND INSTRUCTION 


GO TO STEP 
IF IF 
YES NO 


E286 Turning the Keystart ON and | E287} E292 


E28 


E288 


E289 


E290 


OFF (cycling system power 
ON and OFF), feel” the end 
of Solenoid coil REV with a 
screwdriver or similar metal 
instrument. Does the mag- 
netic field change when 
power is applied? 


A short to Earth or a defective 
TCM must be energizing the 
coil. Disconnect the TCM 
Harness Connector from the 
TCM and repeat the test de- 
scribed under E286. Does 
the magnetic Field change 
when power is applied? 


Measure the resistance of 
Solenoid coil REV. Does this 
measure approximately 1.8 
ohms? 


With the TCM disconnected, 
the magnetic field still can be 
felt at Solenoid coil REV as 
the Keystart is turned ON and 
OFF. This implies a short to 
Earth on the wire from the So- 
lenoid coil to the TCM Har- 
ness Connector D3. Discon- 
nect hyd. valve left hand 4 Pin 
Connector C10 at the valve 
body. Measure the resis- 
tance from the Harness side 
of TCM Connector D3 Pin 30 
to Earth. Does it measure an 
open circuit? 


A short exists on Wire 7356 
or 7356A to Earth. Discon- 
nect the System Connector 
D6. Measure the resistance 
from the Harness side of the 
TCM Connector D3 Pin 30 to 
Earth. Does it measure open 
circuit. 


E289] E288 


E298 | E299 
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COMMENTS 


The Error Code can be the result of 
three different situations — an open cir- 
cuit or high resistance Where no or too 
little coil current flows, a short to Earth 
where the coil is always energised but 
the current does not flow through the 
TCM, or a defective TCM. This test 
helps sort out which condition exists. If 
a magnetic field is present, a short to 
Earth or defective TCM must exist 
since the coil should not be energised. 


This test determines if the current is 
flowing through the TCM or is an exter- 
nal short to Earth. 


See further Solenoid Test procedure, 
page 16/7. 


If short is difficult to locate, monitor the 
multi-meter as set up in step E289 
while moving and flexing this wire. 


E291 


E29 


E293 


E294 


Unless the problem is inter- 
mittent and conditions are 
changing, everything points 
to the solenoid coil REV and 
its terminals as the problem. 
To confirm, measure the re- 
sistance from Pin 2 of the 
hyd. valve right hand 4 Pin 
Connector C12 (Valve side). 
to chassis Earth. A short cir- 
cuit here confirms the prob- 
lem. 


The problem appears to be 
an open circuit and not a 
short. Disconnect the TCM 
Harness Connector D3 from 
the TCM. Measure the volt- 
age at pin 30. Is the voltage 
+12V (Battery voltage)? 


Disconnect the hyd. valve 
right hand 4 Pin Connector 
C12 and measure the voltage 
on Pin 4 on the Harness side. 
Does it measure +12V (Bat- 
tery Voltage)? 


Measure the resistance be- 
tween Pin 2 of the hyd. valve 
right hand 4 Pin Connector 
C12 (Harness side) and Pin 
30 of TCM Connector D3 
(Harness side). Does it show 
continuity? 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF 
YES NO 


E93 | E293 


E294| E304 


E296 | E294 
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If this test can not confirm the problem, 
the defect must be intermittent. Re- 
peat step E289 While flexing Wires 
7356 and 7356A. Look for any possi- 
ble short to Earth on the return side of 
the Solenoid coil (Black lead of coil). 
Inspect Pin 9 of the System Connector 
D6 (both ends). 


This test may give erroneous informa- 
tion if a high resistance connection ex- 
ists that allows +12V to appear but 
won't carry the coil current. If "Yes” 
and replacing the TCM does not solve 
the problem, repeat this step only load 
the voltmeter with a replacement Sole- 
noid coil (Blue lead to +ve lead of volt- 
meter and Black lead to chassis Earth 
or —ve lead of voltmeter). The voltage 
should read approx. 1/2 of +12V (Bat- 
tery voltage). If it falls to approx. 0, a 
high resistance connection exists. If 
that is the case, proceed with step 
E293 using the load across the voltme- 
ter. In step E293, the voltage should 
read +12V even with the coil loading 
the voltmeter. 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E295) The connection is open between} E301 
the hyd. valve right hand 4 Pin 
Connector C12 and the TCM 
Connector D3. Disconnect the 
System Connector D6. Measure 
the resistance between Pin 9 of 
System Connector (male section 
of connector) and Pin 30 TCM 
Connector D3 (Harness side). 
Does it show continuity? 


E297} E104 See further Solenoid Test proce- 


E296] +12V (Battery Voltage) is present 
dure, page 167. 


at the hyd. valve right hand 4 Pin 
Connector C12. Voltage is not 
present at the TCM Connector 
D3. Measure the resistance be- 
tween Pins 2 and 4 of the valve 
right hand 4 Pin Connector C12 
(Valve side). Does the resis- 
tance measure approx. 1.8 
ohms? 


If the problem has not been found 
at this point, the problem is very 
likely intermittent. Monitor the volt- 
age at Pin 30 of the TCM Connec- 
tor D3 while flexing wires and con- 
nector terminals. If no success, re- 
peat some of the previous steps 
flexing some of the wires and con- 
nector terminals during test. 


E297| The only electrical corrections 
that have not been verified are 
the contacts in the hyd. valve 
right hand 4 Pin Connector C12. 
Reconnect this connector. With 
Keystart ON, monitor the voltage 
on Pin 30 of the TCM Connector 
D3 (Harness side) while discon- 
necting and reconnecting the 
valve right hand 4 Pin Connector 
C12. 


E298 Suspect Wire 7356 and its termi- 
nals for a short to chassis Earth 
Or adjacent wires. 


E299) Suspect Wire 7356A and its ter- 
minals for a short to chassis 
Earth or adjacent wires. 


E300} Suspect Wire 7356A and its ter- 
minals. 


E301} Measure the resistance between| E303} E302 
Pin 9 of the System Connector 
D6 (female section of connector) 
and Pin 2 of valve right hand side 
4 Pin Connector C12 (Harness 


side). Does it show continuity? 
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GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF COMMENTS 
YES 


E30 


E303! The circuit measured open 


E304 


E30 


E306 


E30 


E308 


E309 


Suspect Wire 7356 and its 
terminals. 


If the problem can not be found repeat 
steps starting at E294 (System Con- 
nector mated) while monitoring resis- 
tance readings, move and flex wires as 
well as connectors. Look for any inter- 
mittent condition. 


from the TCM Connector D3 
to the hyd. valve right hand 4 
Pin Connector C12 but yet 
each side of the System Con- 
nector D6 showed continuity. 
The problem is either inter- 
mittent or due to bad connec- 
tions at the System Connec- 
tor D6. 


lf +12V does not exist at Pin 1, proceed 
to the Solenoid Energisation section to 
test for presence of +12V on the direc- 
tional interrupt circuit. 


Disconnect System Connec- 
tor D6. Is +12V present on 
Pin 1 of System Connector 
(female section of connec- 
tor)? 


+12V present at System Connector but 


Measure the resistance be- 
not at Valve left hand 4 Pin Connector. 


tween Pins 1 to 4 of the Sys- 
tem Connector D6 (male sec- 
tion of connector). Does it 
show open circuit? 


Suspect Wires 7290B and 
7355B along with their termi- 
nals and Splice F. 


Measure the resistance be- 
tween Pin 4 on the System 
Connector D6 (female sec- 
tion) to Pin 4 on hyd. valve 
right hand 4 Pin Connector 
C12 (Harness side). Does it 
show open circuit? 


Suspect Wire 7355 and its 
terminals. 


Repeat Step E293 flexing wires and 
disengaging and re—engaging the Sys- 
tem Connector D6. The problem is 
either intermittent or involves the con- 
tacts on the System Connector. In- 
spect Pin 1 and 4 in both halves of the 
System Connector D6. 


All resistance tests indicate 
that +12V should exist on Pin 
4 of Valve right hand 4 Pin 
Connector C12 with all con- 
nectors engaged. 
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: YES NO 


COMMENTS 


E310 


E311 


Turning the Keystart ON and 
OFF (Cycling system power ON 
and OFF), “feel” the end of the 
Solenoid coil CR (creeper) with 
a screwdriver or similar metal in- 
strument. Does the magnetic 
field change when power is ap- 
plied? 


A short to Earth or a defective 
TCM must be energizing the 
coil. Disconnect the TCM Har- 
ness Connector D3 from the 
TCM and repeat the test de- 
scribed under E310. Does the 
magnetic field change when 
power is applied? 


The Error Code can be the result of 
three different situations — an open 
circuit or high resistance where no 
(or too little) coil current flows, a short 
to Earth where the coil is always 
energised but the current does not 
flow through the TCM, or a defective 
TCM. This test helps sort out which 
condition exists. If a magnetic field is 
present, a short to Earth or defective 
TCM must exist since the coil should 
not be energised. 


This test determines if the current is 


flowing through the TCM or is an ex- 
ternal short to Earth. 


See further Solenoid Test proce- 


E312) Measure the resistance of Sole- 
noid coil CR. Does it measure dure, page 167. 
approximately |.8 ohms? 
Defective Solenoid Coil. See further Solenoid Test proce- 
E31 dure, page 167. 
E314 Defective TCM. The TCM is causing the coil to ener- 
gise but the unit shows open circuit. 
The coil appears not to be defective. 
E315) With the TCM disconnected, the 


magnetic field still can be felt at 
Solenoid coil CR as the Keystart 
is turned ON and OFF. This im- 
plies a short to Earth on the wire 
from the Solenoid coil to the 
TCM Harness Connector D3. 
Disconnect the hyd. valve left 
hand 8 Pin Connector C9 at the 
valve body. Measure the resis- 
tance from the Harness side of 
TCM Connector D3 Pin 29 to 
chassis Earth. Does it measure 
an open circuit? 
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E316 Ashort exists on Wire 7396 to 


E31 


E318 


E319 


E320 


Earth. Inspect this wire from 
the TCM Harness Connector 
D3 to hyd. valve left hand 8 
Pin Connector C9 for shorts 
to chassis or adjacent wires. 


Unless the problem is inter- 
mittent and conditions are 
changing, everything points 
to the Solenoid coil CR and 
its terminals as the problem. 
To confirm, measure the re- 
sistance from Pin 5 of the 
hyd. valve left hand 8 Pin 
Connector C9 (Valve side) to 
chassis Earth. A short circuit 
here confirms the problem. 


The problem appears to be 
an open circuit and not a 
short. Disconnect the TCM 
Harness Connector D3 from 
the TCM. Measure the volt- 
age at Pin 29. Is the voltage 
+12V (Battery voltage)? 


Suspect a defective TCM. 


Disconnect the hyd. valve left 
hand 8 Pin Connector C9 and 
measure the voltage on Pin 4 
on the Harness side. Does it 
measure +12V (Battery Volt- 
age)? 


GO TO STEP 


YES 
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STEP| QUESTION AND INSTRUCTION 
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COMMENTS 


If the short is difficult to locate, monitor 
the multi-meter as set up in step E315 
while moving and flexing this wire. 


If this test can not confirm the problem, 
the defect must be intermittent. Re- 
peat step E315 while flexing Wire 
7396. Look for any possible short to 
Earth on the return side of the Solenoid 
coil (Black lead of coil). 


This test may give the erroneous infor- 
mation if a high resistance connection 
exists that allows +12V to appear here 
but won't carry the coil current. If ”Yes” 
and replacing the TCM does not solve 
the problem, repeat this step. Only 
load the voltmeter with a replacement 
Solenoid coil (Blue lead to +ve lead of 
voltmeter and black lead to chassis 
Earth or —ve lead of voltmeter). The 
voltage should read approx. 1/2 of 
+12V (Battery voltage). If it falls to ap- 
prox. 0, a high resistance connection 
exists. lf that is the case, proceed with 
step E320 using the load across the 
voltmeter. In step E320, the voltage 
should read +12V even with the coil 
loading the voltmeter. 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E321] Measure the resistance be- 
tween Pin 5 of the hyd. valve 
left hand 8 Pin Connector C9 
(Harness side) and Pin 29 of 
TCM Connector D3 (Harness 
side). Does it show continu- 
ity? 


E322| Wire 7396 is open between 
the hyd. valve left hand 8 Pin 
Connector C9 and the TCM 
Connector D3. Inspect wire 
and its terminals for damage. 


See further Solenoid Test procedure, 


E323) +12V (Battery Voltage) is 
page 167. 


present at the hyd. valve left 
hand 8 Pin Connector C9. 
Voltage is not present at the 
TCM Connector D3. Meas- 
ure the resistance between 
Pins 4 and 5 of valve left hand 
8 Pin Connector C9 (Valve 
side). Does the resistance 
measure approx. 1.8 ohms? 


If the problem has not been found at 
this point, the problem Is very likely in- 
termittent. Monitor the voltage at Pin 
29 of the TCM Connector D3 while 
flexing wires and connector terminals. 
If no Success, repeat some of the pre- 
vious steps flexing some of the wires 
and connector terminals during the 
test. 


E324 The only electrical connec- 
tions that have not been veri- 
fied are the contacts in the 
hyd. valve left hand 8 Pin 
Connector C9. Reconnect 
this Connector. With Keys- 
tart ON, monitor the voltage 
on Pin 29 of the TCM Con- 
nector D3 (Harness side) 
while disconnecting and re- 
connecting the valve left 
hand 8 Pin Connector C9. 


E325 Are all Direct Acting Solenoid 
coils except F1, F2, and R 
showing open circuit Error 
Codes? 


Answer ’Yes’ if 1,2,3,A,B, and C all are 
showing Error Codes. 


E326 Suspect Wire 7395 and its 
terminals (Including Splice 
D). 
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E32 


E328 


E329 


E330 


E331 


The Inching Pedal could be 
badly adjusted, or there could 
be an open or short on the 
Inching Pedal position line. 
Go to Inching Pedal Position 
Adjustment in Calibration 
and Initial Tests, Section A of 
this Chapter. Does the Inch- 
ing Pedal Position as seen on 
the Display Module change 
when the pedal is released 
and depressed? 


lt would appear that the Inch- 
ing Pedal requires adjust- 
ment. Proceed to the Inching 
Pedal Adjustment section. 


Disconnect the TCM Con- 
nector D3 from the TCM . 
Measure the resistance from 
Pin 17 to Pin 31 (Harness 
side). Is the resistance ap- 
prox. 4K ohm + 20%? 


Measure the resistance from 
Pin 8 to Pin 31 of the TCM 
Connector D3 (Harness 
side). Does the resistance 
vary from approx. 0.8K ohm 
with the Pedal in to approx. 
2.7K ohm with the Pedal re- 
leased? 


Measure the resistance from 
Pin 17 to Pin 34 of the TCM 
Connector D3 _ (Harness 
side). Does it show open cir- 
cuit? 


GO TO STEP 
IF IF 
YES NO 


E328 | E329 


E332 | E333 
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COMMENTS 


Normally the ref. no. on the Display will 
change as the pedal moves from ex- 
treme in to extreme out. If the display 
counts change, but appreciably less 
than 30 counts, the possibility of an 
open or short could exist. If adjustment 
of the pedal is not necessary, answer 
"no” here and proceed. 


The resistances will vary depending on 
the Pedal calibration. Here we are 
looking for shorts and opens; there- 
fore, don’t worry about minor resis- 
tance differences. 


Pin 17 should be electrically isolated 
from power Earth (Pin 34). This test 
looks for shorts to Earth on all three 
lines of the Inching Pedal Position po- 
tentiometer. 


CHAPTER 6 


| GO TO STEP 
STEP] QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E332) There does not appear to be a 
short or open. ‘If adjusting the 
Inching Pedal per E328 has not 
corrected the problem or it is not 
possible to adjust the pedal, sus- 
pect the TCM module. 


E334 {Test for isolation of the Inching 


E333) Disconnect the Transmission to 
Pedal voltage source wire. 


Front Console Harness Connec- 
tor B3/C1. Measure the resis- 
tance from Pin 17 to Pin 34 of the 
TCM Connector D3 (Harness 
side]. Does it show open circuit? 


E334 Suspect a short to Earth (prob- 
ably to chassis Earth) on Wire 
7420 between the Transmission 
to Front Console Connector C1 
and the TCM Connector D3. 


E336 jTest for isolation of the Inching 


E335} With the Transmission to Front 
Pedal Position signal wire. 


Console Harness Connector 
B3/C1 still disconnected, meas- 
ure the resistance from Pin 8 to 
Pin 34 of the TCM Connector D3 
(Harness side). Does it show 
open circuit? 


E336) Suspect a short to Earth (Prob- 
ably to chassis Earth) on Wire 
7430 between the Transmission 
to Front Console Harness Con- 
nector C1 and the TCM Connec- 
tor D3. 


E337) With the Transmission to Front 
Console Harness Connector C1 
still disconnected and the Speed 
Control Lever in Neutral, meas- 
ure the resistance from Pin 31 to 
Pin 34 of the TCM Connector D3 
(Harness side). Does it show 
open Circuit? 


E338 A short exists on the Inching 
Pedal potentiometer Earth line to 
Power Earth. Suspect Wires 
7570 B, 7570A B, 7570C B, 
7570B B, and 7570D B. 
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STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E339 The problem appears to be on the} E340/ E341 
Inching Pedal potentiometer side of 
the Transmission to Front Console 
Connector. With the Transmission to 
Front Console Harness Connec- 
torB3/C1 disconnected, measure the 
resistance between Pin 7 of Connec- 
tor B3 (Front side) and Earth. Is it 
open circuit? 


E340} This is a strange situation! Pin 34 on 
the TCM Connector D3 (System 
Earth) showed a short to one of the 
three inching Pedal potentiometer 
wires. Yet when the Transmission to 
Front Console Harness Connector 
B3/C1 was unplugged, the short went 
away. All three leads between the 
TCM Connector D3 and the Trans- 
mission to Front Console Harness 
Connector C1 showed no shorts to 
Earth. This would imply that a short 
exists on the potentiometer side of 
this Connector to Earth. Yet no such 
short was noted. Carefully inspect 
the Inching Pedal potentiometer 
Wires and Connector for shorts. 


E341; Unplug the Inching Pedal potenti-} E342| E343 
ometer Connector B7. Does a short 
still exist? 


E342) Suspect Wire 7420 between the 
Transmission to Front Console Har- 
ness Connector B3 and the Inching 
Pedal potentiometer Connector B7. 
A short to Earth exists. | 


E343) With the Inching Pedal Position po- | E345] E344 
tentiometer Connector B7_ un- 
plugged, measure the resistance 
from Pin 8 of the Transmission to 
Front Console Harness Connector 
B3 to Earth. It is open circuit? 
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GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF COMMENTS 
YES 


E344 Suspect Wire 7430 between the] — 
Transmission to Front Console Har- 
ness Connector B3 and the Inching 
Pedal Position potentiometer Connec- 
tor B7. A short to Earth exists. 


E345) With the Inching Pedal Position poten- 
tiometer Connector B7 unplugged, 
measure the resistance from Pin 5 of 
the Transmission to Front Console 
Harness Connector B3 to Earth. Is it 
open circuit? 


E346 Suspect Wire 7570A B between the 
Transmission to Front Console Har- 
ness Connector B3 and the Inching 
Pedal Position potentiometer Connec- 
tor B7. Ashort to Earth exists. 


E347) The Inching Pedal Position potenti- 
ometer and its Harness Connector B7 
must have a short to Earth. Inspect 
and test for shorts to Earth. 


E348 Does the resistance between Pin 17 
and Pin 31 of the TCM Connector D3 
(Harness side) show an open circuit? 


E349) Unplug the Transmission to Front 
Console Harness Connector B3/C1. 
Measure the resistance between Pin 5 
and Pin 7 on the Transmission to Front 
Console Harness Connector B3 (Front 
side). Is it open circuit? 


E350) Unplug the Inching Pedal Position po- 
tentiometer Connector B7 and meas- 
ure the resistance between the orange 
and black leads of the potentiometer. 
Is it open circuit? 
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E351 


E35 


E353 


E354 


E35 


E356 


Suspect a defective Inching Pedal Po- 
sition potentiometer. Inspect the 
leads and Connector B7 terminals for 
open connections. 


Suspect the wires from the Transmis- 
sion to Front Console Harness Con- 
nector to the Inching Pedal Position 
potentiometer Connector B7. Wires 
7570A B and 7420 are involved. 
Check resistance of both wires start- 
ing at Pin 5 and Pin 7 of the Transmis- 
sion to Front Console Harness Con- 
nector B3 (Front side) to the Inching 
Pedal Position potentiometer Con- 
nector B7. 


It adpears that an open circuit exists in 
Wire 7570 B or 7420 between the 
TCM Connector D3 (Harness side) 
and the Transmission to Front Con- 
sole Harness Connector C1 (Rear 
side). Measure the resistance be- 
tween Pin 31 of the TCM Connector 
D3 and Pin 5 of the Transmission to 
Front Console Harness Connector C1 
(Rear side). Is it open circuit? 


Suspect Wires 7570 B and 7570A 
along with Splice AA and all associ- 
ated terminals. 


Measure the resistance between Pin 
17 of the TCM Connector D3 and Pin 
7 of the Transmission to Front Con- 
sole Harness Connector C1. Is it 
open circuit? 


Suspect Wire 7420 along with its ter- 
minals. 
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STEP} QUESTION AND INSTRUCTION IF 


E35 


E358 


E359 


E360 


E361 


Step E348 showed an open circuit. 
Step E349 isolated the open circuit 
to the wires between the TCM Con- 
nector D3 and the Transmission to 
Front Console Harness Connector 
C1. Yet the two wires involved seem 
to be acceptable. Repeat the test 
starting at E348 looking for intermit- 
tent conditions or poor connections 
at the contacts in the Transmission 
to Front Console Harness Connec- 
tors B3 and C1. 


The resistance between Pin 17 and 
Pin 31 shows a short circuit. Unplug 
the Inching Pedal Position potenti- 
ometer Connector B7. Does the 
short circuit still exist? 


Suspect a defective Inching Pedal 
Position potentiometer. Measure the 
resistance between the black and or- 
ange lead on the potentiometer to 
confirm defect. The resistance 
should be approx. 4K ohm + 20%. 


Since the short still exists, unplug the 
Transmission to Front Console Har- 
ness Connector B3/C1. Does the 
short circuit still exist? 


Suspect the short between Wires 
7570A B and 7420 between the 
Transmission to Front Console Har- 
ness Connector B3 and the Inching 
Pedal Position potentiometer Con- 
nector B7. Measure the resistance 
from Pin 5 to Pin 7 of the Transmis- 
sion to Front Console Harness Con- 
nector B3 (Front side) with the Inch- 
ing pedal Position potentiometer 
connector B7 unplugged to confirm. 
Normally this would show open cir- 
cuit. 
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E362| A short exists between Pin 17 and Pin 
31 of the TCM Connector D3 with the 
Transmission to Front Console Har- 
ness Connector C1 unplugged. Care- 
fully inspect Wire 7420 from the TCM 
Connector D3 to the Transmission to 
Front Console Harness Connector C1 
for shorts to adjacent wires or the vehi- 
cle chassis. 


E363] Does the resistance between Pin 8 
and Pin 31 show open circuit? 


E364) Disconnect the Transmission to Front 
Console Connector B3/C1. Measure 
the resistance from Pin 8 of TCM Con- 
nector D3 (Harness side) to Pin 8 of 
Transmission to Front Console Con- 
nector C1 (Rear side). Does it show 
open circuit? 


E365) Suspect Wire 7430 for an open circuit 
between the TCM Connector D3 and 
the Transmission to Front Console 
Connector C1 along with its terminals. 


E366) Measure the resistance between Pin 5 
and Pin 8 of the Transmission to Front 
Console Harness Connector C1 (Front 
side). Does it show open circuit? 


E367) Unplug the Inching Pedal Position po- 
tentiometer Connector B7. Measure 
the resistance between the green and 
orange wire. Does it show open cir- 
cuit? 


E368 Suspect a defective Inching Pedal Po- 
sition potentiometer. Inspect the wires 
and connector terminals. 
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Soot 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E369} Suspect an open circuit in either Wire 
7430 or 7570A B between the Trans- 
mission to Front Console Harness Con- 
nector B3, and the Inching Pedal Posi- 
tion potentiometer Connector B7. In- 
spect all wire terminals. Check the fol- 
lowing wires for continuity:— Pin 5 on 
the Transmission to Front Console Har- 
ness Connector B3 (Front side) to Pin3 
on the potentiometer Connector B7 
which is attached to the orange wire on 
the potentiometer. Pin 8 on Connector 
B3 to Pin 1 on potentiometer Connector 
B7 which is attached to the green wire 
from the potentiometer. 


E370} This is a strange situation. Pin 17 and — 
Pin 31 on the TCM Connector D3 have 
been shown to be connected, to the 
Inching Pedal Position potentiometer 
(E329). Pin 8 and Pin 31 do not show 
any continuity (E363). The lead from 
Pin 8 of the TCM Connector D3 to the 
Transmission to Front Console Har- 
ness Connector has been shown to be 
good (E364). Step E366 showed that 
Pin 8 onthe Transmission to Front Con- 
sole Harness Connector B3 connects 
to one side of the Position potentiome- 
ter. Repeat Step E363 and following 
steps whilst flexing wires and discon- 
necting and reconnecting the Trans- 
mission to Front Console Harness Con- 
nector B3/C1. 


E371} Unplug the Inching Pedal Position po- E373 
tentiometer Connector D3 and the TCM 
Connector D3. Measure the resistance 
between Pin 8 and Pin 31 of the TCM 
connector D3 (Harness side) Does the 
resistance show open circuit? 
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E372| Suspect a defective Inching Pedal 


E37 


E374 


E37 


E376 


E37 


E378 


E379 


E380 


Position potentiometer. To confirm, 
monitor the resistance between the 
black and green leads of the potenti- 
ometer while the Pedal is moved. A 
normal potentiometer will show ap- 
prox. 0.8K ohm with the Pedal de- 
pressed to approx. 2.7K ohm with 
the Pedal released. 


Disconnect the Transmission to 
Front Console Connector B3/C1. 
Does the resistance between Pin 8 
and Pin 31 on the TCM Connector 
D3 (Harness side) show open clir- 
cuit? 


Suspect a short between Wires 7430 
and 7570A B between the Transmis- 
sion to Front Console Connector B3 
and the Inching Pedal Position po- 
tentiometer Connector B7. 


Suspect a short to Wire 7430 be- 
tween the TCM Connector D3 and 
the Transmission to Front Console 
Harness Connector C1. 


Disconnect the TCM Connector D3 
and measure the voltage on Pin 8. 
(Harness side). Is it +12V? 


Measure the voltage on Pin 17 of the 
TCM connector D3. Is it +12V? 


No +12V short appears to exist. 


Disconnect the Inching Pedal Posi- 
tion potentiometer Connector. Is 
+12V still present on either Pin 8 or 
17 of the TCM connector D3? 


Suspect a short on the leads on the 
Inching Pedal Position potentiome- 
ter. 
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Although the short exists between 
two Wires, 7430 is probably the easi 

est to trace since 7570B branche 

and goes to several locations. 


Again monitor Error Codes and at 
tempt to match them to the 
troubleshooting guide. This unique 
combination of Error Codes gener 
ally means a +12V short. 


CHAPTER 6 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


E381 


E38 


E383 


E384 


E38 


Note whether Pin 8 is +12V or Pin| E3883 | E382 
17 is +12V. Disconnect the Trans- 
mission to Front Console Harness 
Connector B3/C1. Is +12V still pre- 
sent on Pin 8 or 17 on the TCM 


Connector D3. 


Suspect a short to +12V between 
the Transmission to Front Console 
Harness Connector B3 and the 
Inching Pedal Position potentiome- 
ter Connector B7. Suspect Wire 
7420 if Pin 17 showed +12V in 
E381, or Wire 7420 if Pin 17 
showed +12V in E381, or Wire 
7430 if Pin 8 showed +12V in E381. 


Suspect a short to +12V between 
the Transmission to Front Console 
Harness Connector C1 and the 
TCM Connector D3. Suspect Wire 
7420 if Pin 17 showed +12V in 
E381, or Wire 7420 if Pin 17 
showed +12V in E381, or Wire 
7430 if Pin 8 showed +12V in E381. 


The Inching.Pedal appears not to 
be correctly adjusted. Proceed to 
Inching Pedal Position Adjustment 
in Section A, Calibration and Initial 
Tests of this Chapter. 


This test procedure will determine if | E386 | E387 
the TCM is correctly reading the 
Inching Pedal Sense Switch. Dis- 
connect the TCM Connector D3 
from the TCM. Measure the voltage 
at Pin 22 (Harness side). With the 
Speed Control Lever in F or R, does 
the voltage go to +12V when the 
Inching Pedal Switch is closed 
(Inching Pedal released) and ap- 
prox. OV when the switch is 
open(Inching Pedal depressed). 
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YES 


E386) No defect appears to exist 


E38 


E388 


E389 


E390 


‘Disconnect the Transmission 


GO TO STEP 


here. If the Inching pedal is 
properly adjusted as covered 
under IP1, look for another Er- 
ror Code combination to de- 
scribe the defect or suspect 
the TCM module. 


to Front Console Harness 
Connector B3/C1. Measure 
the voltage on Pin 6 of B3 
(Front side). Does the voltage 
go to +12V when the Inching 
Pedal Switch is closed (Inch- 
ing Pedal out) and approx. OV 
when the switch is open (Inch- 
ing Pedal in)? 


Disconnect the Inching Pedal} E389} P4 
Switch Connector B5. Does 
+12V exist on Pin 3 of the Inch- 
ing Pedal Switch Connector 


(Harness side)? 


Measure the resistance be- 
tween Pin 1 and Pin 3 of the 
Inching Pedal Switch Connec- 
tor B5 (Inching Pedal side). 
Does it show short circuit when 
the switch is closed (Pedal re- 
leased) and open circuit when 
the switch is open (Pedal de- 
pressed)? 


Suspect a defective Inching 
Pedal Switch or its terminals. 
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IF 
NO 


E392 | E388 


E390 


COMMENTS 


There are many combinations of pos- 
sible defects that can give somewhat 
similar if not identical Error Codes. If 
the test on Pin 22 is good and the Inch- 
ing Pedal is within: adjustment range 
on all parameters, it would appear that 
either the TCM is defective or another 
combination of Error Codes needs to 
be investigated. 


E391 


E392 


E393) 


E394 


E39 


Suspect Wire 7000A_ be- 
tween the Inching Pedal 
Switch Connector B5 (Pin 1) 
and the Transmission to 
Front Console Harness Con- 
nector B3 (Pin 6) along with 
its terminals. 


Reconnect the Transmission 
to Front Console Harness 
Connector. B3/C1 Discon- 
nect the Speed Control Lever 
assembly Connector D11 
and monitor the voltage on 
Pin 1 of this Connector (Har- 
ness side). Does the voltage 
go to +12V when the Inching 
Pedal Switch is closed (Inch- 
ing Pedal released) and ap- 
prox. OV when the switch is 
open (inching Pedal de- 
pressed)? 


Suspect Wire 7000A_ be- 
tween the Transmission to 
Front Console Harness Con- 
nector C1 (Pin 6) and the 
Speed Control Lever assem- 
bly Connector D11 (Pin 1) 
along with its terminals and 
connector contacts. 


Measure the resistance be- 
tween Pin 1 and 8 on the 
Speed Control Lever assem- 
bly Connector D11 (Speed 
Control Lever assembly 
side). Does it show short cir- 
cuit (Lever in F or R)? 


Suspect a detective Speed 
Control Lever assembly. 


E394 


E396 


CHAPTER 6 


| GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF 
YES NO 


COMMENTS 


No voltage change was noted previ- 
ously at Pin 6 on the Transmission to 
Front Console Harness Connector B3. 
However, +12V is present at the Inch- 
ing Pedal Switch Connector B5 (Pin 3) 
and the switch was good with a multi— 
meter test. Connector contacts are al- 
ways a possible fault. 


The signal was good at Pin 6 of the 
Transmission to Front Console Har- 
ness Connector B3 in a previous test. 
The signal did not get to the Speed 
Control Lever assembly Connector 
D11 (Pin 1). 


With the Speed Control Lever in F or R, 
Pin 1 and 8 should show short circuit. 
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STEP; QUESTION AND INSTRUCTION 


GO TO STEP 
IF IF 
YES NO 


E396 Measure the resistance from | E398] E397 


E39 


E398 


E399 


E400 


either Pin 1 or Pin 8 on Speed 
Control Lever Connector D11 
(Speed Control Lever side) to 
chassis Earth. Does it show 
open circuit? 


Suspect a defective Speed 
Control Lever assembly. 


With the Speed Control Lever 
assembly Connector D11 
and TCM Connector D3 still 
disconnected. Measure the 
resistance between Pin 8 of 
the Speed Control Lever as- 
sembly Connector D11 (Har- 
ness side) and Pin 22 of the 
TCM Connector D3 (Harness 
side). Does it show continu- 
ity? 


Suspect open connection on 
Wires 7000B and 7000D be- 
tween the Speed Control 
Lever assembly Connector 
D1i1 (Pin 8) and the TCM 
Connector D3 (Pin 22) along 
with its terminals including 
Splice BB. 


With the Speed Control Lever 
assembly Connector D11 
and TCM Connector still dis- 
connected, disconnect the 
Directional Interrupt Relay 
Connector D7. Measure the 
resistance from Pin 22 to Pin 
34 of the TCM Connector D3 
(Harness side). Does it show 
open circuit? 


E400) E399 


E402; E401 
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COMMENTS 


The Speed Control Lever assembly. 
electrical circuit should be electrically 
isolated from Earth. 


This path should show continuity. 


Pin 22 should be electrically isolated 
from Earth if the TCM, Speed Control 
Lever assembly , and Directional Inter- 
rupt Relay are disconnected. 


CHAPTER 6 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF 
YES NO 


E401} A short exists on Wires 
7000B, 7000D, or 7000C to 
Earth (possibly chassis) be- 
tween the Speed Control 
Lever assembly Connector 
D11 (Pin 8), TCM Connector 
D3 (Pin 22), and/or the Direc- 
tional Interrupt Relay Con- 
nector D7 (Pin 3). 


Measure the resistance of E403 
the Directional Interrupt Re- 
lay from Pin 86 to Pin 85. (Pin 
numbers marked on bottom 
of relay). Put +ve lead of 
multi-meter on Pin 86. Does 


it measure approx. 85 ohms? 


E402 


E403) Suspect a defective Direc- 


tional Interrupt Relay. 


E404 The individual tests just per- 
formed do not support the 
Original finding in step E385. 
Perhaps an intermittent con- 
dition exists. Connectors are 
a prime suspect. If the prob- 
lem has not been found at 
this point, return to E385 and 
disconnect and _ reconnect 
connectors while monitoring 
Pin 22. Also disconnect the 
Directional Interrupt Relay 
Connector D7 to determine if 
the Relay could be pulling 
this line low (perhaps a relay 
coil diode in backwards that 
was not detected by the re- 
sistance test performed in 
E402). 
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COMMENTS 


If retesting at Step E385 still shows that 
Pin 22 does not respond (Speed Con- 
trol Lever in F or R), repeat the follow- 
ing steps inspecting closely connector 
terminals and contacts. 
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GO TO STEP eee 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS ; 
YES NO es 


E404 Disconnect the TCM Connector D3] E406 | E407 
and measure the resistance be- 
tween Pin 2 and Pin 31 (Harness 
side). Does it measure between 
700 and 8K ohm? 


If the TCM shows an Error Code 
indicating this Sensor or its line 
(wire) is open or shorted, the TCM 
may be defective or the contacts 
in the TCM Connector are faulty. 


E4046 The transmission Output Speed 
Sensor line to the TCM shows an 
acceptable resistance. 


E407 Unplug the transmission Output} E409; E408 
Speed Sensor C5 from the Harness 
at Connector C6 and measure the 
resistance of the Sensor. Is it be- 
tween 700 and 8K ohm? 


E408 Suspect a defective transmission 
Output Speed Sensor. 


E409 Measure the resistance from either] E410 | E408 
lead.of the transmission Output 
Speed Sensor to the metal case of 
the Sensor. Does it show open cir- 
cuit? 


E41Q With the transmission Output] E412; E411 
Speed Sensor Connector C6 and 
the TCM Connector D3 discon- 
nected. measure the resistance 
from Pin 1 of the transmission Out- 
put Speed Sensor Connector C6 
(Harness side) to Pin 2 of the TCM 
Connector D3 (Harness side). 
Does it show continuity? 


E411) Suspect an open circuit in Wire 
7410 between the transmission 
Output Speed Sensor Connector 
C6 (Pin 1) and the TCM Connector 
D3 (Pin 2) along with its terminals. 
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E412 


E413 


E414 


E41 


E416 


With the transmission Output 
Speed Sensor Connector C6 un- 
plugged and the TCM Connector 
D3 disconnected, measure the re- 
sistance from Pin 2 of the Output 
Speed Sensor Connector C6 (Har- 
ness side) to Pin 31 of the TCM 
Connector D3 (Harness side). 
Does it show continuity? 


Suspect an open circuit in Wires 
7570D B and 7570 B between the 
transmission Output Speed Sen- 
sor Connector C6 (Pin 2) and the 
TCM Connector D3 (Pin 31) along 
with their terminals including Splice 
AA. 


With the transmission Output 
Speed Sensor connector C6 un- 
plugged and the TCM Connector 
D3 disconnected, measure the re- 
sistance from Pin 2 to Pin 31 of the 
TCM Connector D3 (Harness 


side). Does it show open circuit? | 


A short exists between Wires 7410 
and 7570 B. Inspect carefully Wire 
7410 along with its terminals be- 
tween the TCM Connector D3 Pin 
31, and the transmission Output 
Speed Sensor Connector C6 Pin 1. 


With the transmission Output 
Speed Sensor Connector C6 un- 
plugged and the TCM Connector 
D3 disconnected, measure the re- 
sistance from Pin 2 to Pin 34 of the 
TCM Connector D3 (Harness 
side). Does it show open circuit? 


CHAPTER 6 


STEP; QUESTION AND INSTRUCTION 


GO TO STEP 


YES 


F414) E413 


E416; E415 


E418] £417 
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COMMENTS 


No open circuits have been 
found. Now check for shorts on 
the transmission Output Speed 
Sensor signal line. 


E41 


E418 


E419 


E420 


E421 


E422 


A short exists between Wire 
7410 and an adjacent wire or 
possibly the chassis of the vehi- 
cle). Carefully inspect Wire 7410 
along with its terminals between 
the TCM Connector D3 Pin 31 
and the transmission output 
Speed Sensor Connector C6 Pin 
1. 


The previous tests do not sup- 
port the defect described in step 
E405. The problem is probably 
intermittent or connector con- 
tacts are open or intermittent. In- 
spect all contacts’ involved. 
While monitoring the resistance 
in Step E405, disconnect and re- 
connect the transmission Output 
Speed Sensor Connector C6 to 
determine if any intermittent con- 
nections can be noted. 


Disconnect the TCM Connector 
D3 and measure the resistance 
between Pin 6 and Pin 31 (Har- 
ness side). Does it measure be- 
tween 700 and 8K ohm? 


The transmission Input Sensor 
line to the TCM shows an accept- 
able resistance. 


Unplug the transmission Input 
Sensor Connector C3 from the 
harness and measure the resis- 
tance of the Sensor. Is it be- 
tween 700 and 8K ohm? 


Suspect a defective transmis- 
sion Input Speed Sensor. 
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STEP; QUESTION AND INSTRUCTION 


GO TO STEP 
IF IF COMMENTS 
YES NO 


E420 | E421 


— lf the TCM shows an Error Code 
indicating this Sensor is open or 
shorted, the TCM may be defec- 
tive or the contacts in the TCM 
Connector D3 are faulty. 


£423 | £422 
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CHAPTER 6 


GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


F423} Measure the resistance from| E424] E422 
either lead of the transmission 
Input Speed Sensor to the metal 
case of the Sensor. Does it 
show open circuit? 


E424 With the transmission Input} E426} E425 
Speed Sensor Connector C3 
unplugged and the TCM Con- 
nector D3 disconnected, meas- 
ure the resistance from Pin 1 of 
the Input Speed Sensor Con- 
nector C3 (Harness side) to Pin 
6 of the TCM Connector D3 
(Harness side). Does it show 


continuity? 


E425) Suspect an open circuit in Wire 
7400 between the transmission 
Input Speed Sensor Connector 
C3 (Pin 1) and the TCM Con- 
nector D3 (Pin 6) along with its 
terminals. 


E426) With the transmission Input; E428| E427 
Speed Sensor Connector C3 
unplugged and the TCM Con- 
nector D3 disconnected, meas- 
ure the resistance from Pin 2 of 
the Speed Sensor Connector 
C3 (Harness side) to Pin 31 of 
the TCM Connector D3 (Har- 
ness side). Does it show conti- 


nuity? 


E427| Suspect an open circuit in Wires 
7570B B and 7570 B between 
the transmission Input Speed 
Sensor Connector C3 (Pin 2) 
and the TCM Connector D3 (Pin 
31) along with their terminals in- 
cluding Splice AA. 
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STEP| QUESTION AND INSTRUCTION 


E428 


E429 


E430 


E431 


E43 


With the transmission Input 
Speed Sensor Connector C3 un- 
plugged and the TCM Connector 
D3 disconnected, measure the re- 
sistance from Pin 6 to Pin 31 of the 
TCM Connector D3 (Harness 
side). Does it show open circuit? 


A short exists between Wires 
7400 and 7570 B. Inspect care- 
fully Wire 7400 along with its ter- 
minals between the TCM Connec- 
tor D3 Pin 6 and the transmission 
Input Speed Sensor Connector 
C3 Pin 1. 


With the transmission — Input 
Speed Sensor Connector C3 un- 
plugged and the TCM Connector 
D3 disconnected, measure the re- 
sistance from Pin 6 to Pin 34 of the 
TCM Connector D3 (Harness 
side). Does it show open circuit? 


A short exists between Wire 7400 
and an adjacent wire or possibly 
the chassis of the vehicle). Care- 
fully inspect Wire 7400 along with 
its terminals between the TCM 
Connector D3 Pin 6, and the 
transmission Input Speed Sensor 
Connector C3 Pin 1. 


The previous tests do not support 
the defect described in step E419. 
The problem is probably intermit- 
tent or connector contacts are 
open or intermittent. Inspect all 
contacts involved. While monitor- 
ing the resistance in Step E419, 
disconnect and reconnect the 
transmission Input Speed Sensor 
Connector C3 to determine if any 
intermittent connections can be 
noted. 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
IF IF 
YES NO 
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COMMENTS 


No open circuits have been found. 
Now check for shorts on the Input 
Speed Sensor signal line. 


\ 
Nahe 


E43 


E434 


E43 


Since the Sensor has not failed the 
open or short test, the chances of a wir- 
ing problem are slight. If a wiring error 
is suspected, step E405 or E419 could 
be performed. First check that the 
transmission Output Speed Sensor 
and Input Speed Sensor are not inter- 
changed. If there is any doubt, Pin 1 
from the Output Speed Sensor Con- 
nector C6, should go to Pin 2 of the 
TCM Connector D3. Measure the re- 
sistance of the Sensor involved and 
compare the resistance to specifica- 
tions. Verify the Sensor is seated in its 
hole and properly tightened. (This 
Sensor requires a fairly restricted gap 
between the Sensor tip and the gear 
teeth to perform adequately — thus the 
Sensor must be properly seated.) If 
nothing else can be found, suspect a 
defective TCM. 


The Programmable Shuttle Shift is 
completely controlled by the TCM. If 
recalibrating this programmable offset 
does not correct the problem, the TCM 
must be defective. 


Disconnect the TCM Connector D3 
and also the Speed Control Lever as- 
sembly Connector D11. Measure the 
resistance from Pin 13 of the TCM 
Connector D3 (Harness side) to Pin 3 
of the Speed Control Lever assembly 
Connector D11 (Harness side). Does it 
show continuity? 
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STEP| QUESTION AND INSTRUCTION 
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YES 


COMMENTS 


This test looks for open cir- 
cuits in the UPSHIFT line 
between the TCM and the 
Speed Control Lever as- 
sembly. 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP a 
STEP| QUESTION AND INSTRUCTION | IF IF COMMENTS | 
YES NO ae 


E436 Wire 7210 is open circuit be- | — 
tween the TCM Connector 
D3 (Pin 13) and the Speed 
Control Lever assembly Con- 
nector D11 (Pin 3). Inspect 
the wire and its terminals. 


E4371 With the Speed Control Lever | E439} E438 | This test looks for shorts to adjacent 
Connector D11 and the TCM wires or to chassis Earth. 
Connector D3 disconnected, 
measure the resistance on 
the TCM Connector D3 (Har- 
ness side) between Pin 13 
and Pin 31, between Pin 13 
and Pin 34, and between Pin 
13 and Pin 16. Do all three 
measurements show- an 
open circuit? 


E438 Ashort exists on Wire 7210to | — — / 
adjacent wires or to chassis _ 
Earth somewhere between 
the TCM Connector D3 and 
the Speed Control Lever as- 
sembly Connector D11._ In- 
spect the wire along with its 
terminals. 


E439) With both connectors stilldis- | E441 | E440 | This test will verify the integrity of the 

connected, measure the re- Earth return line to the Speed Control 
sistance from Pin 31 of the Lever assembly. 
TCM Connector D3 (Harness 
side) to Pin 5 of the Speed 
Control Lever assembly Con- 
nector D11 (Harness side). 
Does it show continuity? 


E440! The Sensor Earth path is | — — 
open circuit. Suspect Wires 
7570 B and 7570C B inclua- 
ing their terminals and also 
Splice AA. 
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STEP} QUESTION AND INSTRUCTION 


E441 


E442 


E44 


E444 


E44 


With the Speed Control Lever 
Connector D1i1 disconnected, 
measure the resistance between 
Pin 5 and Pin 3 on the Speed Con- 
trol Lever assembly. Verify the fol- 
lowing: 


SHIFT LEVER RESISTANCE. 
N Approx. 
2.5K ohm 
NUPSHIFT = Approx. 
500 ohm 


Do all measurements conform? 


Defective Speed Control Lever 
assembly 


With the Speed Control Lever 
Connector D1i1 disconnected, 
measure the resistance between 
Pin 3 on the Speed Control Lever 
assembly and chassis Earth. 
Does it show open circuit? 


Everything tests normal. No open 
circuits and no shorts. Inspect 
carefully the appropriate connec- 
tor contacts on both the TCM Con- 
nector D3 and the Speed Control 
Lever assembly Connector D11. 
If everything looks acceptable 
suspect a defective TCM. 


Disconnect the TCM Connector 
D3 and also the Speed Control 
Lever assembly Connector D11. 
Measure the resistance from Pin 4 
of the TCM Connector D3 (Har- 
ness side) to Pin 6 of the Speed 
Control Lever assembly Connec- 
tor D11 (Harness side). Does it 
show continuity? 
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GO TO STEP 


YES 
E443} E442 


E444) £442 


E447} E446 
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COMMENTS 


This circuit should be isolated 
from the chassis. 


If the problem appears to be inter- 
mittent, flex appropriate wires and 
disconnect and reconnect the 
TCM and Speed Control Lever as- 
sembly connectors in order to lo- 
cate the source of the problem. 


This: test looks for open circuits in 
the DOWNSHIFT line between 
the TCM and the Speed Control 
Lever assembly. 


E446 


E44 


E448 


E44¢ 


E450 


Wire 7200 is open between the 
TCM Connector D3 (Pin 4) and the 
Speed Control Lever assembly 
Connector D11 (Pin 6). Inspect the 
wire and its terminals. 


With the TCM Connector D3 and 
the Speed Control lever Connector 
disconnected, measure the resis- 
tance at the TCM Connector (Har- 
ness side) between Pin 4 and Pin 
31, between Pin 4 and Pin 34, and 
between Pin 4 and Pin 16. Do all 
three measurements show an 
open circuit? 


A short exists on Wire 7200 to adja- 
cent wires or to chassis Earth 
somewhere between the TCM 
Connector D3 and the Speed Con- 
trol Lever assembly Connector 
D11. Inspect the wire along with its 
terminals. 


With both connectors still discon- 
nected, measure the resistance 
from Pin 31 of the TCM Connector 
D3 (Harness side) to Pin 5 of the 
Speed Control Lever assembly 
Connector D11 (Harness side). 
Does it show continuity? 


The Input and Output SpeedSen- 
sors Earth path is open. Suspect 
Wires 7570 B and 7570C B includ- 
ing their terminals and also Splice 
AA. 
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STEP} QUESTION AND INSTRUCTION 


COMMENTS 


E449} E448 | This test looks for shorts to adja- 


cent wires or to chassis Earth. 


E450 | This test will verify the integrity of 


the Earth return line to the Speed 
Control Lever assembly. 


E451 


E452 


E45 


E454 


E45 


With the Speed Control Lever 
Connector D111 disconnected, 
measure the resistance between 
Pin 5 and Pin 6 on the Speed Con- 
trol Lever assembly. Verify the fol- 
lowing: 


SHIFT LEVER RESISTANCE 
Approx. 
2.5K ohm 

N DOWNSHIFT Approx. 

500 ohm 


Do all measurements conform? 


Defective Speed Control Lever 
assembly. 


Measure the resistance between 
Pin 6 on the Speed Control Lever 
assembly. and chassis Earth. 
Does it show open circuit? 


Everything tests normal. No open 
circuits and no shorts. Inspect 
carefully the appropriate connec- 
tor contacts on both the TCM Con- 
nector D3 and the Speed Control 
Lever assembly. If everything 
looks acceptable suspect a defec- 
tive TCM. 


Disconnect the TCM Connector 
D3 and also the Speed Control 
Lever assembly Connector D11. 
Measure the resistance from Pin 3 
of the TCM Connector D3 (Har- 
ness side) to Pin 2 of the Speed 
Control Lever assembly. Connec- 
tor D11 (Harness side). Does it 
show continuity? 
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STEP| QUESTION AND INSTRUCTION 


GO TO STEP 


YES 


E453 | E452 


E454] E452 


E457} E456 
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COMMENTS 


This circuit should be isolated 
from the chassis. 


If the problem appears to be inter- 
mittent, flex appropriate wires and 
disconnect and reconnect the 
TCM and Speed Control Lever 
assembly Connectors in order to 
locate the source of the problem. 


This test looks for opens in the 
REVERSE line between the TCM 
and the Speed Control Lever as- 
sembly. 


E456 


E45 


E454 


E459 


E460 


STEP} QUESTION AND INSTRUCTION 


Wire 7260 is open between the 
TCM Connector D3 (Pin 3) and 
the Speed Control Lever assem- 
bly Connector D11 (Pin 2). In- 
spect the wire and its terminals. 


With both the TCM and Speed 
contro! Lever Connectors discon- 
nected, measure the resistance 
at the TCM Connector D3 (Har- 
ness side), between Pin 3 and Pin 
31, between Pin 3 and Pin 34, and 
between Pin 3 and Pin 16. Do all 
three measurements show an 
open circuit? 


A short exists on Wire 7260 to ad- 
jacent wires or to chassis Earth 
somewhere between the TCM 
Connector D3 and the Speed 
Control Lever assembly Connec- 
tor D11. Inspect the wire along 
with its terminals. 


With both connectors still discon- 
nected, measure the resistance 
from Pin 31 of the TCM Connector 
D3 (Harness side) to Pin 5 of the 
Speed Control Lever assembly 
Connector D1i1 (Harness side). 
Does it show continuity? 


The Input and Output SpeedSen- 
sors Earth path is open. Suspect 
Wires 7570 B and 7570C B in- 
cluding their terminals and also 
Splice AA. 


PART 5 — TRANSMISSION SYSTEMS 


GO TO STEP 
COMMENTS 


YES 


E459} E458 | This test looks for short circuits to 
adjacent wires or to chassis Earth. 


E461] E460 | This test will verify the integrity of 
the Earth return line to the Speed 
Control Lever assembly. 


142 


STEP| QUESTION AND INSTRUCTION IF 
YES 


E461 


E462 


E46 


E464 


E46 


CHAPTER 6 


GO TO STEP 


With the Speed Control Lever} E463] E462 
Connector D111 disconnected, 
measure the resistance between 
Pin 5 and Pin 2 of the Speed Con- 
trol Lever assembly. Verify the 


following: 


SHIFT LEVER RESISTANCE 
N Approx. 
2.5K ohm 
REVERSE Approx. 
500 ohm. 


Do all measurements conform? 


Defective Speed Control Lever 
assembly. 


Measure the resistance between | E464] E462 
Pin 2 on the Speed Control Lever 
assembly and Earth. Does it 


show open circuit? 


Everything tests normal. No open 
circuits and no shorts. Inspect 
carefully the appropriate connec- 
tor contacts on both the TCM Con- 
nector D3 and the Speed Control 
Lever assembly. If everything 
looks acceptable suspect a defec- 
tive TCM. 


Disconnect the TCM Connector| E467} E466 
D3 and also the Speed Control 
Lever assembly Connector D11. 
Measure the resistance from Pin 7 
of the TCM Connector D3 (Har- 
ness side) to Pin 9 of the Speed 
Control Lever assembly Connec- 
tor D11 (Harness side). Does it 


show continuity? 
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COMMENTS 


This circuit should be isolated from 
the chassis. 


If the problem appears to be inter- 
mittent, flex appropriate wires and 
disconnect and reconnect the TCM 
and Speed Control Lever assem- 
bly Connectors in order to locate 
the source of the problem. 


This test looks for open circuits in 
the FORWARD line between the 
TCM and the Speed Control Lever 
assembly. 


E46 


E46é 


E469 


E470 


GO TO STEP 


STEP} QUESTION AND INSTRUCTION IF 
YES 


E466] Wire 7250 is open circuit between 


the TCM Connector D3 (Pin 7) and 
the Speed Control Lever assembly 
Connector D11 (Pin 9). Inspect the 
wire and its terminals. 


With both the TCM and the Speed 
Control Lever Connectors discon- 
nected, measure the resistance at 
the TCM Connector (Harness side) 
between Pin 7 and Pin 31, between 
Pin 7 and Pin 34, and between Pin 
7 and Pin 16. Do all three measure- 
ments, show an open circuit? 


A short exists on Wire 7250 to adja- 
cent wires or to chassis Earth 
somewhere between the TCM 
Connector D3 and the Speed Con- 
trol Lever assembly Connector 
D11. Inspect the wire along with its 
terminals. | 


With both connectors still discon- 
nected, measure the resistance 
from Pin 31 of the TCM Connector 
D3 (Harness side) to Pin 5 of the 
Speed Control Lever assembly 
Connector D11 (Harness side). 
Does it show continuity? 


The Input and Output Sensors 
Earth path is open. Suspect Wires 
7570 B and 7570C B including their 
terminals and also Splice AA. 
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E469} E468 


COMMENTS 


This test looks for short circuits to 
adjacent wires or to chassis 
Earth. 


This test will verify the integrity of 
the Earth return line to the Speed 
Control Lever assembly. 


E471 


E472 


E47 


E474 


With the Speed Control Lever 
Connector D11 disconnected, 
measure the resistance be- 
tween Pin 5 and Pin 9 on the 
Speed Control Lever assembly. 
Verify the following: 


SHIFT LEVER RESISTANCE. 
N | Approx. 2.5K 
FORWARD Approx. 0.5K 


Do all measurements conform? 


Defective Speed Control Lever 
assembly. 


Measure the resistance be- 
tween Pin 9 on the Speed Con- 
trol Lever assembly and chassis 
Earth. Does it show open cir- 
cuit? 


Everything tests normal. No 
open circuits and no shorts. In- 
spect carefully the appropriate 
connector contacts on both the 
TCM Connector D3 and the 
Speed Control Lever assembly 
Connector D1i1._ If everything 
looks acceptable suspect a de- 
fective TCM. 
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GO TO STEP 


STEP| QUESTION AND INSTRUCTION IF 
YES 
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COMMENTS 


This circuit should be isolated from 
the chassis. 


If the problem appears to be inter- 
mittent, flex appropriate wires and 
disconnect and reconnect the TCM 
and Speed Control Lever assembly 
Connectors in order to locate the 
source of the problem. 


_ TO STEP 
STEP; QUESTION AND INSTRUCTION 
YES 


E475) If the TCM module has never had its 


E476 


E47 


E478 


F1, F2 and R clutch calibrated, 
perform the system calibration as 
detailed in section A of this Chapter. 


If the tractor periodically shows 
these Error Codes, memory is being 
lost in the TCM and it is defective. 


lf the TCM won't calibrate per the 
calibration procedures at the begin- 
ning of this Section, the TCM is most 
likely defective. 


A Grid Test Error almost always in- 
dicates a defective TCM module. 


If System Power was applied with 
the Speed Control Lever in any posi- 
tion except Neutral, the solution is 
obvious (Return Speed Control 
lever to neutral, turn off keystart and 
power up with the Speed Control 
Lever still in Neutral). If this Error 
Code appears with the Speed Con- 
trol Lever in Neutral during power 
up. a malfunction exists. If no short 
Or open Error Codes appear, sus- 
pect a defective Speed Control 
Lever assembly. 


If System Power was applied with E484 
the Speed Contro! Lever not in Neu- 
tral. the solution is obvious (Return 
Speed Control lever to neutral, turn 
off keystart and power up with the 
Speed Control Lever still in Neutral). 
If this Error Code appears with the 
Speed Control! Lever in Neutral dur- 
ing power up, a malfunction exists. 
Disconnect the TCM Connector D3. 
Does +12V exist on Pin 22 of the 
TCM Connector D3 (Harness side) 
When the Speed Control Lever is in 
Neutral? 
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COMMENTS 


If no short or Open circuit Error 
Codes appear, the electrical path 
to the Speed Control Lever as- 
sembly. must be complete since 
the resistor divider in the Speed 
Control Lever assembly is being 
seen (or in communication with) 
by the TCM. 


E479) Disconnect the Speed Control 


E480 


E481 


E482 


E483 


E484 


E485 


E486 
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E480 | E483 
Lever assembly Connector D11. 
Does +12V still exist on Pin 22 of 
the TCM Connector D3 (Harness 
side)? 


Unplug the Direction Interrupt Re- E482 
lay D7. Does +12V still exist on 
Pin 22 of the TCM Connector D3 


(Harness side)? 


A short exists on Wires 7000D, 
7000B, or 7000C. Inspect these 
wires along with their terminals. 


+12V must be shorting to Wire 
7000C through the Directional In- 
terrupt Relay D7. Suspect a de- 
fective relay. Also verify that Pin 2 
of the Relay Connector (Harness 
side) shows OV. If itshows +12V., 
the Relay Earth Wire 57E B is not 
Earthed properly. 


— When in Neutral. the Speed Con- 
troi Lever assembly should never 
allow +12V to appear on Pin 22 of 
the TCM Connector D3. 


The Speed Control Lever assem- 
bly appears defective. 


Disconnect the System Connec- | E485} E488 
torD6. Does +12V exist on Pin 1 


(female section of connector)? 


Unplug the Directional Interrupt | E486] E487 
Relay D7. Does +12V still exist 


on Pin 1? 


Wire 7290 between the System 
Connector D6 and the Directional 
Relay D7 is shorted to +12V. 
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STEP| QUESTION AND INSTRUCTION 
YES 


E48 


E484 


E489 


E490 


E491 


E492 


E49 


Suspect the Directional Inter- 
rupt Relay D7. 


Reconnect the System Con- 
nector D6. Measure the volt- 
age on Pin 23 of the TCM 
Connector D3 _ (Harness 
side). Is it +12V? 


Is the voltage on Pin 24 of the 
TCM Connector D3 (Harness 
side) +12V? 


Is the voltage on Pin 30 of the 
TCM Connector D3 (Harness 
side) +12V? 


All three Directional Inching 
Pedal Solenoids show no 
+12V sourced to them. Sus- 
pect a defective TCM module 
or a related problem (follow— 
up on any other Error Codes). 


Disconnect the System Con- 
nector D6. Is the voltage on 
Pin 23 of the TCM Connector 
D3 (Harness side) +12V? 


Wire 7341A or its terminals 
are shorted to +12V. 
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GO TO STEP 
IF IF COMMENTS 


The fact that Pin 22 of the TCM Con- 
nector D3 did not have +12V on it, 
would imply that the relay coil D7 is not 
energised. This can be confirmed by 
measuring the voltage at Pin 3 of the 
Directional Interrupt Relay Connector. 
If it shows OV, the relay is no doubt de- 
fective. If Pin3 shows +12V (not likely) 
a wiring defect exists on Wire 7000C. 


E492; E489 


E506} E491 


E493 | E494 


148 


CHAPTER 6 


| GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF 
YES NO 


E494 


E49 


E496 


E49 


E498 


E49¢ 


E500 


With the System Connector D6 
still disconnected, disconnect 
the hyd. valve left hand 4 Pin 
Connector C10. Measure the 
voltage on Pin 2 of this Connec- 
tor (Harness side). Is it +12V? 


Wire 7341 or its terminals are 
shorted to +12V. 


With the System Connector D6 
and the hyd. valve left hand 4 Pin 
Connector C10 still discon- 
nected, is the voltage on Pin 1 of 
the valve left hand 4 Pin Connec- 
tor C10 (Harness side) +12V? 


Wire 7340 or its terminals are 
shorted to +12V. 


With the System Connector D6 
and the hyd. valve left hand 4 Pin 
Connector C10 still discon- 
nected, measure the voltage on 
Pin 7 of the System Connector 
D6 (male section of connector). 
Is it OV? 


Suspect a short on Wires 7350, 
7290B, 7355B, or 7340B to 
+12V. Splice F is also connected 
to these wires. 


The tests just performed along 
with step E484 do not support 
E488. No source for the +12V, 
observed in step E488, could be 
found. If no source can be found, 
repeat step E484. 


E495; E496 
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COMMENTS 


With the two connectors discon- 
nected, these wires should be elec- 
trically isolated and_ therefore 
should show no voltage. 


Verify that the Solenoid coiis are 
not shorted to each other. With all 
valve Connectors, C9, C10, C11 
and C12 unplugged, Verify with a 
multi-meter that open circuits exist 
from either lead of coil F1 to either 
lead of all other coils. 
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GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO | 


E502} E503 


E501 


E502 


E503 


E504 


E505 


E506 


E50 


E508 


Disconnect hyd. vaive left hand 
4 Pin Connector C10. Does the 
voltage on Pin 24 of the TCM 
Connector D3 (Harness side) 
still measure +12V? 


Wire 7351 or its terminals are 
shorted to +12V. 


Disconnect the System Con- | E505; E504 
nector D6. Measure the volt- 
age on Pin 3 of hyd. valve left 
hand 4 Pin Connector C10. Is it 


OV? 


A short exists on Wires 7350, 
7290B, 7355B, or 7340B to 
+12V. Splice F is also involved. 


Verify that the Solenoid coils are not 
shorted to each other. With all Valve 
connectors C9, C10, C11 and C12, 


The tests just performed along 
with step E484 do not support 
step E489. No source for the 


+12V observed in step E489 
could be found. If no source 
can be found, repeat step 
E484. 


Disconnect the System Con- 
nector D6. Is the voltage on Pin 
30 of the TCM Connector D3 
(Harness side) +12V? 


Wire 7356A or its terminals are 
shorted to +12V. 


With the System Connector D6 
still disconnected, disconnect 
the hyd. valve right hand 4 Pin 
Connector C12. Measure the 
voltage on Pin 2 of this connec- 
tor (Harness side). Is it+12V? 


unplugged, Verify with a multi-meter 
that open circuits exist from either 
lead of coil F2 to either lead of all 
other coils. 


E507} E508 


E509} E510 
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GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF 
YES NO 


E509 


E510 


E511 


E51 


E513 


E514 


E51 


Wire 7356 or its terminals are 
shorted to +12V. 


With the System Connector D6 
and the hyd. valve right hand 4 
Pin Connector C12 still discon- 
nected, is the voltage on Pin 4 of 
the valve right hand 4 Pin Con- 
nector C12 (Harness side) +12V? 


Wire 7355 or its terminals are 
shorted to +12V. 


With the System Connector D6 
and the hyd. valve right hand 4 
Pin Connector C12 still discon- 
nected, measure. the voltage on 
Pin 4 of the System Connector D6 
(male section). Is it OV? 


Suspect a short on Wires 7350, 
7290B, 7355B, or 7340B to +12V. 
Splice F is also connected to 
these wires. 


The tests just performed along 
with step E484 do not support 
E490. No source for the +12V ob- 
served in step E490 could be 
found. If no source can be found, 
repeat step E484. 


All of these Error Codes would 


‘suggest that the transmission In- 


put and Output Speed Sensors 
Earth line is open. Confirm this by 
measuring the resistance be- 
tween Pin 31 of the TCM Connec- 
tor D3 (Harness side) and Pin 2 of 
either the Output Speed Sensor 
Connector C6 (Harness side) or 
the Input Speed Sensor Connec- 
tor C3 (Harness side). 
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COMMENTS 


With the two connectors discon- 
nected, these wires should be 
electrically isolated and therefore 
should show no voltage. 


Verify that the Solenoid coils are 
not shorted to each other. With all 
hyd. valve Connectors C9, C10, 
Ci1 and C12 unplugged, verify 
with an multi-meter that open cir- 
cuits exist from either lead of coil R 
to either lead of all other coils. 
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GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


Perform the following procedure when the Speed Control Lever appears not to shift as required 
and no Error Codes exist 


G1 | Is problem associated with: 
F and/or R Shift? G2 
Up and/or Down Shift? G4 

G2 _ | Since no Error Codes exist, the | G3 Answer ’yes’ if the F or R position is 
wiring harness connection be- intermittent. 
tween the Speed Control Lever 
and TCM is not defective. Does 
the System fail to recognize a F 
or R shift? 

G3 | Since no Error Codes exist, the | — lf the Neutral Switch (in series with 
safety switch in the Speed Con- the directional interrupt) in the 
trol Lever assembly along with Speed Control Lever assembly or its 
its wiring is not defective. The associated wiring is defective, an Er- 
Speed Control Lever is very ror Code would appear. The TCM 
likely defective (in particular the would sense that the Inching Pedal 
switch associated with F or R). was released (Position Sensor) and 

F or R selected. If no +12V exists on 
the directional Solenoids, an Error 

G4 | Since no Error Codes exist, the | G5 Code appears. 
wiring harness connection be- 
tween the Speed Control Lever Answer yes’ if the + or — position is 
and TCM is not defective. Does intermittent. 
the System fail to recognise an 
Up or Down shift? 

G5 | It is assumed that Up or Down | — 
shifts are not being restricted by 
the normal restraints of the sys- 
tem (several conditions exist 
that prevent Up or Down shifts 
from occurring). Suspect a de- 
fective Speed Control Lever. 

IP 1} Perform the Inching Pedal Cali- | — 


bration as described in Section 
A of this Chapter. 


Perform the following when the Control System’s defect does not show an Error Code on the 
Display Module 


O01 


Is problem associated with: 
Starter Motor will not energise. 
Display Module Blank. 


Speed Selection. 


STEP| QUESTION AND INSTRUCTION 
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GO TO STEP 
IF IF 
YES NO 


COMMENTS 


Perform this procedure when it appears that power is not present at the Transmission Control System 


P1 


P2 


P3 


P4 


P5 


P6 


P7 


P8 


P9 


| P10 


With Keystart ON is back- 
lighting present on Display 
Module D12? 


Do the Solenoids click during 
Keystart OFF to ON (Engine 
not running)? Have an assis- 
tant listen close to the hy- 
draulic valve because the in- 
strument console audible 
alarm in the cab will mask the 
sound of the solenoids. 


With Inching Pedal out, is 
+12V present at inching 
Pedal Switch Connector B5 
(either terminal)? 


Is +12V present at Pin 1 of 
Power Relay B8? 


Is the 30A fuse in the auxillary 
fuse box B4 good? 


With Keystart ON is +12V 
present at Pin 4 of the Power 
Relay B8? 


Is there +12V across Pins 2 
and 3 of the Power Relay B8? 


Power Relay or related termi- 
nals defective. 


Power line to auxillary fuse 
box B4 and/or Power Relay 
open circuit. 


Open circuit between auxil- 
lary fuse box B4 and Inching 
Pedal switch Connector B5. 
Check wiring and terminals 
(especially at Pin 4 of Power- 
Relay). 


P17 


P20 


P6 


P9 


P10 


P8 


P2 


P3 


P4 


P5 


P7 


P11 
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When no power appears to be getting 
to the Unit. The LCD is always blank. 


lf a clicking Sound occurs, power Is get- 
ting to the TCM. If not, no power is pre- 
sent at the Display and the TCM. 


If power is present here, then it exists 
on the front harness but not the rear. 
Check first the Connector B3/C1 be- 
tween the two harnesses (Pin 4). 


This checks whether power is getting 
to the Power Relay contacts. Refer to 
Circuit 1 in Section B of this Chapter. 


Some open circuit condition exists if no 
power is present at the Relay contacts. 
The fuse and its terminals are prime 
suspects. 


If no power exists at Pin 4 of the Power 
Relay, is it because the coil is not ener- 
gised? 


Power is present at Pin 4 of Power Re- 
lay but is not getting to Inching Pedal 
switch or to the rear harness. 
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P11] 


P12 


P13 


P14 


P15 


P16 


P17 


P18 


P19 


terminal 4 with Keystart ON. 


Does +12V exist at Pin 3 of 
Power Relay B8? | 


Power Relay Earth to Pin 3 is 
open circuit. Look at Wire 
57B from terminal 3 of Power 
Relay to TCM Connector D3 
Pins 34 and 35. 


Does +12V exist at Keystart 
terminal 1? 


Suspect Keystart and its ter- 
minals (Especially Pin 4). 


Suspect Wire 71 from 
Keystart terminal 4 to Power 
Relay B8 terminal 2 for open 
Circuit. 


Do the Solenoids click while 
Switching Keystart OFF to 
ON (Engine not running)? 


With Keystart ON, discon- 
nect TCM Connector D3 and 
check +12V exists on Pin 16, 
21 and 28 of the TCM Har- 
ness Connector D3? 


Suspect Wires to TCM Har- 
ness Connector Pins 16, 21 
and 28 for open circuit. Also 
pay attention to splice C. 


Check if +12V is getting through the 
Keystart. 


Pin 3 of Power Relay should not be 
+12V but at Earth. 


Power Relay (Pin 3) not properly 
Earthed. 


Check if +12V is getting to the Keys- 
tart. 


+12V exists on input {terminal B) but 
not output terminal R). 


Power is getting to the Display but per- 
haps not the TCM. Power should be 
present at all 3 Pins (16, 21, and 28). 


Power is getting to the Display but not 
the TCM. 
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STEP} QUESTION AND INSTRUCTION 


P20 


Does +12V exist at Pin 4 of 
the Display Harness Connec- 


tor? 


P21 


P22 


P23 


P24 


P25 


P26 


P27 


With Keystart ON does +12V 
exist at Pin 1 of the Display 
Harness Connector D2 with 
the Display connected? 


Suspect Display Earth Wire 
57B or its terminals in Con- 
nector D2. 


Check continuity from auxil- 
lary fuse box, fuse No. 1 to 
Display Connector D2 Pin 4. 


Suspect Display Module or 
terminals at either Connector 
D2 (Display and/or Harness). 
Backlight bulb may be 
burned out. 


+12V exists on Display and 
TCM. 


+12V exists on Display and 
TCM but Solenoids don't re- 
spond to Keystart ON. 


Trace +12V power from the 
battery, through the fuse, to 
the B terminal on the key— 
switch. 


GO TO STEP 


IF 


YES 
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COMMENTS 


The connector or wire will have to be 
probed to make this measurement. 


Power is getting to the TCM but not the 
Display. 


+12V exists at Pin 4 and Pin 1 shows 
Earth. The back light should be on but 
isn't. | 


Power to the Display or TCM appears 
not to be aproblem. Suspect the serial 
line or one of the two devices. 


Power is present at the TCM pending 
the Earth path being completed. Since 
the TCM gets its Earth through the 
connector as well as through the chas- 
sis, this is not likely. 


Power is not present on the Keystart 
Battery terminal. 
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STEP} QUESTION AND INSTRUCTION 


GO TO STEP 
IF IF 
YES NO 


COMMENTS 


Perform this test procedure if any problems are suspected with the energisation of the Solenoids. If the 
Solenoids do not make an audible ”’CLICK” when the Keystart is turned "ON”, perform the SYSTEM 
POWER procedure first as detailed in steps P1 — P27. 


S1 


S2 


933 


34 


S5 


With Engine not running, turn 
Keystart to "ON’” with Speed 
Control Lever in Neutral. 


Shifting to F and R and up- 
shifting and down-shifting 
verify the following table 


Note that the magnetic field 
can be felt with a screwdriver 
held at the end of the coil 
marked with an ”’X” above 
and is absent from all coils 
not marked with ’X”. 


Do all Solenoids energise 
properly except F1,F2,andR 
of which none energise? 


With Keystart ON, Inching 
pedal released, and Speed 
Control Lever in F (leave in 
this state for remaining tests) 
is +12V present at terminal 4 
of Directional Interrupt Relay 
(mounted on bracket under 
Speed Control Lever assem- 
bly)? 


Is +12V present on Pin 1 of 
System Connector D6 (fe- 
male section of 12 Pin con- 
nector under lower cover of 
Speed Control Lever )? 


Suspect Wire 7290 and its 
terminals. : 


Use a suitable probe, is +12V 
present on Pin 4 and 7 of the 
System Connector D6 ? 


S2 


$3 


35 


S/7 


$33 


$8 


34 


56 
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These three “directional” Solenoids have 
their own +12V power source. 


This terminal provides +12V to these 
three Solenoids. 


Pin 1 brings +12V in from the Directional 
Interrupt Relay D7 and routes it to the 3 
Solenoids. 


+12V present at terminal 4 of Directional 
Interrupt Relay D7 but not at Pin 1 of Sys- 
tem Connector D6 (female section). 


Pin 1 carries +12V to Pins 4 and 7. 


S7 


$8 


S9 


S10 


S11 


$12 


$13 


$14 


Suspect Wire 7290B and its| — 
terminals and also Splice F. 


Very unusual situation. All So- | — 
lenoids energise properly ex- 
cept F1, F2, and R (none of 
which energise). +12V is pre- 
sent on the System Connector 
D6 for R and F1 (F2 gets its 
+12V directly from Splice F). 
Testing for +12V at Pin 1 of 
hyd. valve left hand 4 Pin Con- 
nector C10 (+12V for F1), Pin 
3 of valve left hand 4 Pin Con- 
nector C10 (+12V for F2), and 
Pin 4 of valve right hand 4 Pin 
Connector C10 (+12V for R). 


Is +12V present at terminal 1 
of Directional Interrupt Relay 
Connector D7? 


Is +12V present at Pin 3 of the 
Limp Home Switch Connector 
D4? 


Suspect Wire 7070E and its 
terminals. 


Is the backlight on the Display 
Module D12 lit (shield from ex- 
terior light if in a well lighted 
environment)? 


Suspect Wire 7070E and also 
Splice A. 


System Power Problem. Per- 
form the System Power proce- 
dure as detailed in steps P1 — 
P27. 


Is +12V present at terminal 3 
of the Directional Interrupt Re- 
lay Connector D7? 


GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF 
YES NO 


COMMENTS 


Splice F should have +12V present. 


+12V should be present at terminal 1 if 
the Keystart is ON. 


The same +12V source supplies both 
terminal 1 of the Directional Interrupt 
Relay D7 as well as terminal 3 of the 
Limp Home Switch D4. 


+12V is present at the Limp Home 
Switch D4 but not at the Directional In- 
terrupt Relay D7. 


Check system power to Display Mod- 
ule D12. If there exists the possibility 
that the Display back-—lighting bulb 
may be defective, is there +12V from 
Pin 4 (+) to Pin 1 (—) on the Display 
Module Connector D2 _ (Harness 
Side)?” 


Display Module is getting +12V from 
Splice A but Wire 7070E isn’t getting 
+12V to the Directional Interrupt Relay 
D7 or the Limp Home Switch D4. 


If +12V does not exist at terminal 4 of 
the Power Relay Connector B8, no 
system component is getting power. 


Check if the Relay Coil is being pow- 
ered. Reminder — Inching Pedal re- 
leased, Keystart ON, and Speed Con- 
trol Lever in F. 


$15 


$16 


$17 


$18 


$19 


S20 


$21 


$22 


$23 


$24 


Disconnect the Speed Con- 
trol Lever assembly Connec- 
torD11. Is +12V present on 
Pin 1 (Harness side)? 


Is +12V present at both ter- 
minals of the Inching Pedal 
Switch Connector B5 (Har- 
ness side)? 


Is +12V present on Pin 6 of 
the Transmission to Front 
Console Harness Connector 
B3? 


Suspect Wire 7000A on the 
transmission Harness and its 
terminals. 


Suspect Wire 7000A on the | 


Front Console Harness and 
its terminals. 


Is +12V present at either ter- 
minal of the Inching Pedal 
Switch Connector B5? 


Is +12V present at terminal 2 
of the transmission Power 
Relay Connector D7? 


System power problem ex- 
ists. Perform the System 
Power procedure as detailed 
in steps P1 — P27. 


Suspect Wire 7000 on Front 
Cosole Harness and its ter- 
minals. Also Splice C may be 
suspect. 


Suspect Inching Pedal 
Switch or its Connector B5 
terminals. 
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STEP} QUESTION AND INSTRUCTION 


GO TO STEP 
COMMENTS 


Sw 


YES 


+12V is carried through the Speed 
Control Lever assembly if the control 
isin For R. Pin 1 ts the source side of 
the +12V. 


The switch should be closed with +12V 
on both terminals. 


Inspect Pin 6 of the Transmission to 
Front Console Harness Connector C1 
(transmission Harness side) and also 
Pin 1 of the Speed Control Lever as- 
sembly Connector D11 (Harness 
side). 


+12V is present at the Inching Pedal 

Switch B5 but not at the Transmission 

to Front Console Harness Connector elt 
C1. 


The switch should be receiving +12V 
and carrying it through. 


If +12V does not exit at terminal 4 of the 
Transmission Power Relay Connector 
B8, no system component is getting 
power. 


+12V is available from the Power Re- 
lay Connector B8 but isn’t getting to the 
Inching Pedal Switch. 


With the Inching Pedal released, the 
switch should be closed. If +12V is 
present at one terminal of the Inching 
Pedal Switch Connector B5 but not the 
other, a problem exists at this location. 
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GO TO STEP 
STEP] QUESTION AND INSTRUCTION vee IF COMMENTS 
NO 


S25 |Test Continuity (multi-me; S27 | S26/+12V is present at the Speed Control Lever 
ter) between terminal 3 on assembly. If Control is in F or R (as it should 
the Directional Interrupt Re be for this test) +12V should be carried 
lay Connector D7 and Pin 8 through and be available at Pin 8 of its Con- 
of the Speed Control Leve nector D11. 
assembly Connector D11 
(Harness side). Does if 
show low resistance? 


Continuity should exist between Pin 8 of the 
Speed Control Lever assembly Connector D1 
(Harness side) and terminal 3 of Directional 
Interrupt Relay Connector D7. 


S26 |Suspect Wire 7000B and 
7000C and their terminals. 
Also suspect Splice BB. 


+12V is present at Pin 1 but appears not to be 
transferred through to Pin 8 of the Speed con- 
tol Lever assembly Connector D11. Re- 
minder — Control Lever must be in F or R for 
all of these tests. 


S27 |Suspect the Speed Control 
Lever assembly D10. 


Check Earthing of the Relay Coil. Terminal 2 


S28 | Is +12V present at Terminal 
should be at Earth. 


2 of the Directional Interrupt 
Relay Connector D7? 


All indications show the Relay should be on. 
Terminal 3 has +12V. Terminal 2 is Earthed, 
Terminal 1 has +12V available and thus Ter- 
minal 4 should be at +12V but isn't. 


S29 |}Suspect Directional Inter 
rupt Relay. 


If there exists the possibility that the Display 
backlighting bulb is defective, is there +12V 
from Pin 4 (+) to Pin 1 (—) on the Display Mod- 
ule Connector D7 (Harness side)?” 


S30 |Is backlight on the Displa 
Module D12 lit (shield from 
exterior light if in a wel 
lighted environment)? 


The Directional Interrupt Relay D7 (Terminal 
2) is not Earthed as it should be. The Display 
Module is being Earthed at Splice B. 


$31 |Suspect Wire 57E and its 
terminals. Also suspect 
Splice B. 


The Display Module is not getting +12V 
power. 


$32 |System power problem ex 
ists. Perform the System 
Power Procedure as de 
tailed in steps P1 — P27. 


Identify if problem is a defective +12V supply 


S33 |Do any Solenoids energise 
to TCM, Solenoid drivers or from source. 


during the Initial Solenoid 
Check? 

S34 |Does +12V exist on Pin 16, Test if a System Power defect exists. 
21, and 28 of the TCM Har 
ness Connector D3? 

S35 |Perform the System Powe +12V not getting to TCM. 

Procedure as detailed in 

steps P1 — P27. 
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GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF COMMENTS 
YES NO 


$36 


$37 


$38 


$39 


540 


41 


$42 


543 


944 


Check if +12V is getting to the Sole- 


Disconnect System Connec- 
noids through the System Connector. 


tor D6, does +12V exist at 
Pin 2 of System Connector 
D6 (male section). 


+12V is getting from Splice A to the 
TCM but not to Pin 2 of the System 
Connector D6. 


Suspect Wire 7070J and its 
terminals. Also suspect 
Splice A. 


Any of the +12V supply lines to the So- 
lenoids can be tested. Arbitrarily 
chose Pin 1 of Solenoid 1 Connector 
C9. 


Does +12V exist at Pin 1 of 
the Valve left hand 8 Pin Har- 
ness Connector C9. 


+12V is getting to the TCM but the So- 
lenoids won't energise during initial 
self check. 


Suspect a TCM problem. 


+12V is getting to Pin 2 of the System 
Connector D6 but not getting +12V to 
any wires connected to Splice D. 


Suspect Wire 7070JA and its 
terminals. (Including Splice 
D.) 


Do some Solenoids not ener- 
gise properly? 


If Solenoids energise properly and a 
problem exists, start from the begin- 
ning of the Test Guide. 


Problem is not covered by 
this procedure. Review other 
troubleshooting procedures 
for appropriate tests. 


Check each combination for non— 


Is there the following pattern 
energising solenoids. 


to non—energised Solenoids: 
all A,B,C’s & MC1 or all 
1,2,3’s, or both F1 & F2, or 
both R & MC2? 


Which set does not ener- 
gise? 
— A,B,C, & MC1 Suspect valve/harness Connector 
C11 for poor connections. 
— 1,2,3 Suspect valve/harness Connector C9 
for poor connections . 
—F1&F2 Suspect valve/harness Connector 
C10 for poor connections. 
—-R&MC2 Suspect valve/harness Connector 


C12 for poor connections. 
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STEP} QUESTION AND INSTRUCTION 


$45 


546 


$47 


548 


549 


S50 


Does +12V exist at the follow- 


ing points?: 
Connector Pin No. 
Valve LH 8 Pin C9 1 

2 

3 

A 
Valve LH 4 PinC10— “1 


+ 


OAWPM A=W 


Valve RH 4 Pin C12 


* 


Valve RH 8 Pin C11 


* Move Speed Control Lever 
out of neutral position to check 
voltage on these pins. 


If all above have +12V go to 
step S51. 


Does +12V exist at Pin 5 of the 
System Connector D6? 


Does +12V exist at Pin 7 of the 
system Connector D6 with 
Speed Control lever moved 
out of neutral? 


Does +12V exist at Pin 4 of the 
system Connector D6 with 
Speed Control lever moved 
out of neutral? 


Does +12V exist at Pin 6 of the 
System Connector D6? 


Does +12V exist at Pin 3 of the 
System Connector D6? 


GO TO STEP 
IF IF COMMENTS 
YES NO 


If no, check Wire 7300 and its terminals 


If no, check Wire 7330 and its terminals. 
If no, check Wire 7395 and its terminals. 


If no, check Wire 7350 and its terminals. 
If no, check Wire 7392 and its terminals. 


If no, check Wire 7380 and its terminals. 


If no, check Wire 7390 and its terminals. 


If yes, suspect Wire 7320 and its termi- 


nals. 
Ifno, suspect Wire 7320B and its termi- 


nals. 


If yes, suspect Wire 7340 and its termi- 


nals. 
Ifno, suspect Wire 7340B and its termi- 


nals. 


If yes, suspect Wire 7355 and its termi- 


nals. 
Ifno, suspect Wire 7355B and its termi- 


nals. 


If yes, suspect Wire 7370 and its termi- 


nals. 
If no, suspect Wire 7370B and its termi- 


nals 


If yes, suspect Wire 7360 and its termi- 


nals. 
Ifno, suspect Wire 7360B and its termi- 


nals. 
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S51 


Voltage (+12V) is present at 
the Solenoids. Using a multi— 
meter, is there continuity be- 
tween the following points: 


Valve LH 8 Pin Connector 
C9 to TCM Connector D3. 


Check:-— 

Valve . TCM 
Pin 5 Pin 29 
Pin 6 Pin 27 
Pin 7 Pin 32 
Pin 8 Pin 33 


Valve LH 4 Pin Connector 
C10 to TCM Connector D3. 


Check:— 

Valve TCM 
Pin 2 Pin 23 
Pin 4 Pin 24 


Valve RH 4 Pin Connector 
C12 to TCM Connector D3. 


Check:-— 

Valve TCM 
Pin 3 Pin 25 
Pin 2 Pin 30 


Valve RH 8 Pin Connector 
C11 to TCM Connector D3. 
Check:— 


Valve TCM 

Pin 1 Pin 26 
Pin 7 Pin 20 
Pin 6 Pin 37 
Pin 5 Pin 36 
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GO TO STEP 
STEP} QUESTION AND INSTRUCTION IF IF 
YES NO 
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COMMENTS 


If not, suspect Wire 7396 and its termi- 
nals. 


If not, suspect Wire 7301 and its termi- 
nals. 


If not, suspect Wire 7331 and its termi- 
nals. 


If not, suspect Wire 7351 and its termi- 


nals. 


If not, suspect Wire 7393 and its termi- 
nals. 


If not, suspect Wire 7391 and its termi- 


nals. 


If not, suspect Wire 7381 and its termi- 
nals. 
Continuity is verified. 


$52 


$53 


$54 


S55 


956 


957 


Using a multi-meter. is there 
continuity between Pin 7 of 
hyd. valve left hand 8 Pin 
Connector C9 and Pin 10 of 
System Connector D6 (fe- 
male section)? 


Using a multi—meter, is there 
continuity between Pin 2 of 
hyd. valve left hand 4 Pin 
Connector C10 and Pin 12 of 
System Connector D6 (fe- 
male section)? 


Using a multi-meter, is there 
continuity between Pin 2 of 
hyd. valve right hand 4 Pin 
Connector C12 and Pin 9 of 
System Connector D (female 
section)? 


Using a multi-meter. is there 
continuity between Pin 7 of 
hyd. valve right hand 8 Pin 
Connector and Pin 8 of Sys- 
tem Connector D6 (female 
section)? 


Using a multi—meter, is there 
continuity between Pin 6 of 
hyd. valve right hand 8 Pin 
Connector C11 and Pin 11 of 
System Connector D6 (fe- 
male section)? 


Suspect the TCM. 
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GO TO STEP 
STEP| QUESTION AND INSTRUCTION IF IF 
YES NO 
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COMMENTS 


If yes, suspect Wire 7321A and its ter- 
minals. 

lfno, suspect Wire 7321 and its termi- 
nals. 


If yes, suspect Wire 7341A and its ter- 
minals. . 
Ifno, suspect Wire 7341 and its termi- 
nals. 


If yes, suspect Wire 7356A and its ter- 
minals. 

Ifno, suspect Wire 7356 and its termi- 
nals. 


If yes, suspect Wire 7361A end its ter- 
minals. 

Ilfno, suspect Wire 7361 and its termi- 
nals. 


lf yes, suspect Wire 7371A and its ter- 
minals. 

lfno, suspect Wire 7371 and its termi- 
nals. 


Voltage (+12V) is present at all Sole- 
noids. Continuity has been verified be- 
tween the return side of the Solenoids 
to the TCM Harness Connector D3. 


SM1 


SM2 


SM3 


SM4 


SM5 


SM6 


SM7 


SM8& 


SM9 
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STEP; QUESTION AND INSTRUCTION 


GO TO STEP 
IF IF COMMENTS 
YES NO 


Perform the following procedure if the Starter Motor will not operate 


The Starter Motor will not 
energise. Is the Speed Con- 
trol Lever in Neutral, the PTO 
lever OFF, and the starter 
Keystart in START position? 


When the Keystart is in the 
start position, is there +12V 
across the Neutral Start Re- 
lay Connector A27 Pin 3 (+) 
and OV across Pin 2 (Earth)? 


Is there +12V at Pin 1 of Neu- 
tral Start Relay Connector 
A27? 


When the Keystart is in start 
position, is there +12V at Pin 
4 of Neutral Start Relay Con- 
nector A27? 


Check Solenoid coil voltage 
when the Keystart is in the 
start position and Verify +12V 
path (1001) from Pin 4 of- 
Neutral Start Relay Connec- 
tor A27 to Starter Solenoid. 


Suspect defective Neutral 
Start Relay. 


Check +12V path to Neutral 
Start Relay Connector A27 
(Pint) Wire 150J. 


When the Keystart is in the 
Start position, is there OV on 
Pin 2 of the Neutral Start Re- 
lay Connector A27? 


The Earth to the Neutral Start 
Relay coil is defective if volt- 
age is present. Inspect Wire 
57AC. 


SM2 | — If no, correct condition. 


SM3 | SM8 


SM4 | SM7_ | Check that +12V is getting to the Relay 
contacts. 


SM5 | SM6 


— — Coil has +12V across it and +12V is 
getting to the Relay but not leaving it. 


SM10} SM9_ | Check the Earth on the Relay coil. 


— — Pin 2 should always show OV. 
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STEP | QUESTION AND INSTRUCTION 


SM10]} When the Keystart is in the Start 
position, is +12V present at Roof 
Connector A31, Pin 19? 


SM11]} When the Keystart is in the Start 
position, is +12V present at Roof 
Connector A31, Pin 20? 


When the Keystart is in the Start 
position, is +12V present at PTO 
Neutral Start Switch Connector 
E3, Pin 3? 


SM12 


When the Keystart is in the Start 
position, is +12V present at PTO 
Neutral Start Switch Connector 
E3 Pin 2? 


SM13 


Check wire 1000B from Roof 
Connector A31 Pin 20 to PTO 
Neutral Start Switch Connector 
E3 Pin 2, for open circuit. 


SM14 


When the Keystart Is in the Start 
position and using a suitable 
probe, is +12V present at Pin 2 of 
the Neutral Start Switch Connec- 
tor A23? 


SM15 


SM16| When the Keystart is in the Start 
position, is +12V present at Pin 3 
of Neutral Start Switch Connec- 


tor A23? 


SM17 


When the Keystart is in the Start 
position, is +12V present at Pin 5 
of the Keystart Switch? 
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YES 


GO TO STEP 


COMMENTS 


If yes, suspect Wire 1000D and its 
terminals. 


Check if +12V is getting to Roof 
Connector. 


If yes, suspect Wire 1000D and its 
terminals. 


If yes, suspect PTO Neutral Start 
Switch and its terminals. 


If yes, check Wire 1000A from 
Neutral Start Switch Connector 
Pin 2 to Roof Connector A31 Pin 
20. 
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SM18 


SM19 


SM20 


SM21 


SM22 


SM23 


SM24 


Suspect a defective Keystart 
Switch if +12V is present at 
Pin 1 but not Pin 5 when the 
Keystart Switch is in the start 
position. 


Suspect wire 1000 that sup- 
plies voltage from pin 5 of the 
Keystart Switch to Pin 3 of the 
Neutral Start Connector A23. 


When the Keystart is in the 
Start position, is there +12V 
present on Pin 2 of the trans- 
mission to Front Console 
Harness Connector B3? 


When the Keystart is in the 
Start position, is there +12V 
present on pin 1 of the Trans- 
mission to Front Console 
Harness Connector B3? 


When the Keystart is in the 
Start position, is there +12V 
present at Pin 7 of the Speed 
Control Lever Connector 
D11? 


When the Keystart is in the 
Start position, is there +12V 
present at Pin 4 of the Speed 
Control Lever Connector 
D11? 


Suspect the Speed Control 
Lever assembly 


PART 5 — TRANSMISSION SYSTEMS 


STEP | QUESTION AND INSTRUCTION 


GO TO STEP 


IF 
NO 


SM22 


SM24 
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COMMENTS 


If +12V is not present at Pin 1, trace 
Wire 1036 to +12V and check its termi- 
nals. 


lf no, check Wire 1000 F and its termi- 
nals (Voltage was present at Pin 5 of 
the Keystart but not here). 


lf yes, check Wire 1000E and its termi- 
nals (Voltage was not present at Pin 2 
of the Neutral Start Connector A23 but 
is present here). 


If no, check Wire 1000F between the 
Transmission transmission to Front 
Console Connector C1, and the Speed 
Control Lever assembly Connector 
D11 along with its terminals. 


lf yes, check Wire 1000E between the 
transmission to Front Console Con- 
nector C1, and the Speed Control 
Lever Connector D11 along with its 
terminals. 


Voltage is present on Pin 7 but not on 
Pin 4 of the Speed Control Lever Con- 
nector D11. The Neutral Start Switch 


in the Speed Control Lever should 


short these two terminals. 
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SOLENOID COIL AND DIODE TEST PROCEDURE 


Figure 1 
Solenoid Coil Test — Diagramatic View 


Note: Each solenoid has an inbuilt diode, this makes- 
resistance readings difficuilt 


1. Voltmeter 5. 12V Battery 

2. Solenoid Coil 6. Black Wire Earth 
under Test 7. Blue Wire +ve 

3. Black Wire 8. Known Good Solenoid 

4. Blue Wire Coil 


The two solenoid coil tests must both be per- 
formed if the operation of the solenoid coil is in 
doubt. 


Measuring Voltage of a Suspect Coil 


Illustrated in Figure 1, is a test hook—up using 
a 12V battery and voltmeter to measure the 
voltage of a suspect solenoid coil. Due to an 
inbuilt diode, direct resistance reading are dif- 
ficult to measure. The test uses a known good 
solenoid coil with a resistance of 1.79 + 3% 
ohms at 77° F (25°C). If the suspect solenoid 
coil resistance is good the voltmeter will read 
appoximately 6 + 1V (half battery voltage). If 
the solenoid coil or the diode has a short, the 
voltmeter displayed reading will be near OV. 


Measuring Voltage of a Suspect Coil 


In Figure 2, a test hook—up is shown to meas- 
ure an open or short circuited solenoid coil di- 
ode, again a known good solenoid coil is 


Figure 2 
Solenoid Diode Test — Diagramatic View 


Note: Each solenoid has an inbuilt diode, this makes re- 
sistance readings difficuit 


1. Voltmeter 5. 12V Battery 

2. Solenoid Coil Diode 6. Black Wire Earth 
under Test 7. Blue Wire +ve 

3. Blue Wire 8. Known Good Solenoid 

4. Black Wire Coil Diode 


_used. Note that Figures 1 and 2 look similar, 


167 


but in Figure 2, the solenoid under test has its 
connections reversed. In this test a short in 
the diode will allow the voltmeter to read O 
volts. An open circuit in the diode will allow the 
voltmeter to read 6 + 1V. If the diode is good 


the voltmeter will read 1 + O.5V. 


Note that the diode is contained and sealed 
inside the solenoid coil. No attempt should be 
made to remove the diode and replace it. A 
new solenoid coil must be obtained 


Measuring a Suspect Coil for Wire Shorts 
to its Casing 


Using the multi—meter in the resistance meas- 
uring mode, measure the resistance between 
each wire to the solenoid casing. The meas- 
ured resistance should be greater than 50K 
ohms. 
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D. PRESSURE AND FLOW TESTING 


CAUTION: During the following test procedures where pressure 
readings are required and the speed control lever is moved out of 
neutral, the tractor will move. Ensure all precautions are taken. Use a test 
gauge with a long connecting hose that will allow the gauge to be read or 
observed from the tractor seat. Alternatively the tractor must be raised off 
the ground with, in the case of four wheel drive, all four wheels clear of the 
ground. Even if four wheel drive is not selected there is a danger that 
momentary traction through the front wheels, will pull the tractor off any 


Support or jack. 
EXERCISE EXTREME CARE AND WATCH OUT FOR BYSTANDERS 


The hydraulic system of the powershift Flow Testing the Hydraulic Pump 


napSmesion eee a mone seer Illustrated in Figure 1 is the test equipment 
Dien ae aattaie anne iene 2 required to measure the total flow output from 
circuit valves, modulating valves, an oil cooler ; 

Ze . a the hydraulic pump. 
and a lubrication and cooling circuit relief 
valve. Of these components only the following NOTE: To obtain meaningful test results, the 
can be pressure tested, flow tested or tractor must be brought to operating 


temperature, however, connection of the test 
equipment will be made more difficult as the 
control valve pipework will be hot. Exercise 
caution when connecting the equipment. 


adjusted:— 


e the hydraulic pump can be flow tested 


e the cooler can be flow tested 


e the regulating valve can be pressure a 
tested and adjusted | . ae q 


e Sa se 
, 


e the lubrication pressure can be tested, but 
not adjusted. Note that the relief valve is 
factory set and if found to be away from 
specification, must be replaced 


The following headings and illustrations take | Figure 1 
each of the above and shows pictorially the OW TESHGG nee yor HUGE aIp = Tesh ek up 
ae 1. Return Hose 1'/igin. JIC 4. Adaptor FT 8615 
test fittings and equipment connected to the o Elawimete or FNH 00110 
transmission and provides instruction for the 3. Supply Hose 11/igin. JIC 5. Adaptor FT 8615 


test or adjustment method. or FNH 00110 
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Connect the test equipment as follows and 
with reference to Figure 1:— 


1. Position the tractor on a hard level surface 
and apply the parking brake. 


Disconnect the lubrication tube at the ”T” 
fitting on the transmission control valve to 
allow access to the filter to control valve 
connecting tube. 


Remove the connecting tube between the 
transmission filter and the control valve. 


Using two of the FT 8615 or FNH 00110 
adaptors and two 11/16 in. JIC hoses, 
connect a suitable flow meter that has low 
back pressure between the filter outlet 
three way connector and the transmission 
control valve inlet port. Ensure that the 
pump oil outlet coming through the filter is 
directed to the inlet side of the flowmeter, 
and the outlet from the flowmeter 
connected to the control valve. Ensure the 
flow meter load valve is fully open. 


Reconnect the lubrication tube to the "T” 
fitting on the transmission control valve. 


Start the engine and check the test 
equipment and connections for leakage 
and security. 


Allow the engine to run at approximately 
1800 rev/min for sufficient period to bring 
the transmission oil to approximately 
135°9F (579C), 


Record the flow reading and temperature 
at 2200 rev/min. Refer to Section E of this 
Chapter for Specifications. 


Flow Testing and Pressure Testing the 
Cooler Circuit 


The cooler circuit must be tested at two 
points, a) to check that the cooler and its 
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supply and return lines are not restricted, and 
b) to verify the cooler flow from the control 
valve. 


Illustrated in Figure 2 is the test equipment 
required to measure the flow through the 
cooler circuit. If the results from this test are to 
specification then the second test will be 
unnecessary. Obviously if the first test gave 
low readings, it would be necessary to check 
that the flow was available when it leaves the 
control valve. 


NOTE: To obtain meaningful test results, the 
tractor must be brought to operating 
temperature, however, connection of the test 
equipment will be made more difficult as the 
control valve pipework will be hot. Exercise 
caution when connecting the equipment. 


Connect the test equipment as follows and 
with reference to Figure 2:— 


1. Disconnect the cooler circuit outlet tube 
(supply to the cooler) from the 
transmission control valve at the ”T” 
fitting. 


Install adapter FT 8615 or FNH 00110 into 
the "T” fitting and adaptor FT 8557 or FNH 
00112 into the disconnected cooler tube. 


Connect adapter N 1100 CR2A to the inlet 
port of the flowmeter and connect 
pressure gauge FT 8616 or FNH 06653 to 
this adaptor using test hose E1NN F493 
AA (finis 3936707) or FNH 07089 and 
adaptor FT 8503-8 or FNH 00705. 


Using 11/16 in. JIC hoses connect the 
flowmeter between the ”T” fitting and the 
cooler supply tube. Ensure that the hose 
from the "T” fitting is connected to the inlet 
side of the flowmeter where the N 1100 
CR2A adaptor has been installed and the 
outlet from the flowmeter is connected to 
the cooler feed tube. 


Figure 2 
Flow Testing the Lube’Cooler Circuit through the 
Cooler — Test Hook—up 


1. Supply Hose 1':¢in. JIC 5. Return Hose 
2. Flowmeter Tein. JIC 
3. Adaptor N1100 CR2A 6. Adaptor FT 8615 
4. Gauge FT 8616 or FNH 00110 
or FNH 06653 and Hose 7. Adaptor FT 8557 
E1NN F493 AA or or FNH 00112 


FNH 07089 with adaptor 
FT 8503-8 or FNH 00705 


5. Ensure the flowmeter load valve is fully 
open. Start the engine and check the test 
equipment and connections for leakage 
and security. 


6. Allow the engine to run at approximately 
1800 rev/min for sufficient period to bring 
the transmission oil to approximately 
135°F (579C). 


7. Record the flow reading through the 
cooler and the temperature at 2200 
rev min. Refer to Section E of this Chapter 
for Specifications. 


8. To pressure test the pre—set-lubrication 
and cooler circuit relief valve. very slowly 
close the flowmeter load valve while 
observing the pressure gauge. as the 
specified pressure is reached the 
pressure indicator will stabilize. 


If the lubrication and cooler circuit relief valve 


is not to specification. the valve must be 
replaced Refer to Section G. Chapter 5. 
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BWP 


ot 


Figure 3 
Flow Testing the Control Valve Oil Output to the 
Cooler/Lubrication Circuit — Test Hook—up 


. Return Hose 1'/:gin. JIC 6. Adaptor FT 8614 


. Flowmeter or FNH 00111 

. Adaptor N1100 CR2A 7. Adaptor FT 8615 

. Supply Hose or FNH 00110 
Tryin. JIC 


Gauge FT 8616 or FNH 06653 and Hose 
E1NN F493 AA or FNH 07089 with 
Adaptor FT 8503-8 or FNH 00705 


If the recorded flow is not to specification 
repeat the test connecting the flow meter as 
shown in Figure 3. This test will now measure 
the control valve output without the restriction 
of the cooler assembly. Set up the flowmeter 
and test the flow as follows:— 


Disconnect the flowmeter outlet hose 
from the cooler supply tube. 


Disconnect the return tube from the cooler 
at the elbow on the control valve port 
marked “Lube In’. 


Reposition the elbow to allow connection 
of the flowmeter hose and using adapter 
FT 8614 or FNH 00111 connect the flow- 
meter outlet hose to the elbow. 


Ensure the flowmeter load valve is fully 
open. 


Start the engine and check the test equip- 
ment and connections for leakage and se- 
curity. 


Set the engine to run at 2200 rev/min. 


< y 2 
On 
(Ss 


f 
tty 


Figure 4 
Pressure Testing the Main Control Valve Regulating 
Valve — Test Hook —up 


Adaptor FT 8613 
or FNH 00109 
Elbow 86246-—-S36 
Test Hose 

E1NN F493 AA 
or FNH 07089 


1. Pressure Gauge FT 8616 3. 
or FNH 06653 

2. Adaptor Tool 
No. FT 8503-8 or 
FNH 00705 


4. 
5. 


7. Record the oil flow being delivered from 
the control valve. 


If this second flow test result shows that the 
specified flow is being delivered from the 
control valve then there must be a restriction 
in the cooler, its supply hose or in the return 
hose. 


Remove the cooler supply and return lines 
following established techniques and either 
establish the reason for blockage or 
restriction or replace the suspect item. 


Pressure Testing the Regulator Valve 


The pressure regulating valve maintains a 
constant pressure in the control valve for the 
application of each of the speed and 
directional clutches. Its pressure setting is 
important to the basic function of the 
transmission. too high a pressure could result 
in unnecessary loadings on the clutch pistons 
and seals, whilst too low a pressure could 
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Figure 5 
Pressure Test Ports (identified in black) 


1. Pressure Sender Switch 


cause Clutch slip and premature transmission 
failure. 


To test the regulator valve, proceed as follows 
with reference to Figure 4. 


1. Position the tractor on a hard level surface 
and apply the parking brake. Place the 
speed control lever in neutral. 


Connect the pressure test gauge (0-400 
lof/ine, 0-27 bar) Tool No. FT 8616 or FNH 
06653, into the MC2 pressure test port 
using adaptors No. FT 8613 or FNH 
00109, a “/16 in. JIC male/female elbow 
(Ford Part No. 86246—S36 finis 3926127 
or equivalent proprietary item), a hose 
(Ford Part No. EINN F493 AA finis 
3936707) or FNH 07089 and adaptor Tool 
No. FT 8503-8 or FNH 00705. 


NOTE: Where a 7/16JIC male/female elbow is 
not readily available, the pressure gauge 
adaptor FT 8613 or FNH 00109 can be 
installed in the pressure regulator valve test 
port, however access to this port is slightly 
restricted by the pipework to the control valve. 


ques PART 5 — TRANSMISSION SYSTEMS 


3. Start the engine and check the test 
equipment and connections for leakage 
and security. 


4. For safety reasons, position the test 
gauge in the cab. 


5. Allow the engine to run at approximately 
1800 rev/min for sufficient period to bring 
the transmission oil to approximately 
135°F (570C). 


6. With the speed control lever remaining in 
neutral, record the pressure reading at 
2200 rev/min. Note that when the engine 
is first started the pressure will slowly rise 
until the regulator pressure is reached. 


7. Record the pressure gauge reading. 
Refer to Section E of this Chapter for 
Specifications. 


NOTE: /f the specified pressure is not 
obtained repeat the test with the pressure 
gauge inthe MC1 port. The modulating valves 
may leak oil internally and a false pressure 
indication may the result (this internal leakage 
is not detrimental to the function of the valve). 
Positive pressure readings may be obtained 
at the pump pressure port (marked PP) or by 
removing the pressure sender _ switch. 
However access to these port is limited and 
difficult. These test repeats should be 
considered if the specified pressure cannot 
be obtained at the MC1 or MC2 ports before 
proceeding to adjust the regulator valve. 


Shown in Figure 5, identified with a black 
circle, are all pressure test ports. The test 
gauge may be installed in any one of these 
ports using the same fittings. However, 
pressure indication will only be shown if a 
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particular speed, corresponding to the test 
port connected, is selected. Pressure testing 
the clutch circuit pressures will require that 
the speed control lever is moved to the 
forward and reverse positions with resultant 
tractor movement (Note that access to some 
of the test ports will be difficult and may 
require the cab to be raised). 


IMPORTANT: Ensure every _ safety 
precaution is taken if the tractor is to be 
driven. 


This test is useful if it is suspected that major 
failure of a seal ring, piston seal, or piston has 
occurred. 


lf the pressure test gauge is installed in any of 
the directional clutch circuit ports, a slow 
pressure rise will be observed as a speed is 
selected. 


If the pressure test gauge is installed in any 
one of the numbered or lettered speed clutch 
test ports, the resultant pressure reading will 
be instant as the particular speed is selected. 


CAUTION: With the test gauge installed in 
any of the test ports, as mentioned above, 
when the speed control lever is moved out of 
neutral, the tractor will move. Ensure all 
precautions are taken. Use a test gauge with 
a long connecting hose that will allow the 
gauge to be read or observed from the tractor 
seat. Alternatively the tractor must be raised 
off the ground with, in the case of four wheel 
drive, all four wheels clear of the ground. Even 
if four wheel drive is not selected there is a 
danger that momentary traction through the 
front wheels, will pull the tractor off any 
support orjack. EXERCISE EXTREME CARE 
AND WATCH OUT FOR BYSTANDERS. 
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E. SPECIFICATIONS 


POWERSHIFT TRANSMISSION 


Type 


Control System 


Lubrication/Cooling System 


Lubrication Circuit Pressure Setting 


Pump 
Type 


Capacity 


Rotor Clearances Outer Rotor to Housing 


Inner and Outer Rotor to Housing 


Tip Clearance 
Cooler 


Type 


Capacity 8630 and 8730 


8830 


Filter 


Type 


Warning Light Differential Pressure 


Filter By-Pass Differential Pressure 


173 


18 forward and 9 reverse speed, using 
straight cut gears and multi-plate wet 
clutches. 


Electro—hydraulic with single lever and 
inching —__ pedal and Electronic 
Management System. 


Pressure using oil from rear axle and 
transmission reservoir(lubrication oil 
also serves to provide cooling) 


90-135 Ibf/in? (6.2-9.3 bar) factory 
pre—set non—adjustable 


Gerotor, mounted on rear face of 
transmission. 


Minimum of 20.8 Imp. galls/min. (25 
U.S. galls, 94.5 litres) @ 135°F (57°C) 
and engine speed 2200 rev/min. 


Maximum 0.020 in. (0.51 mm) 
Maximum 0.004 in. (0.1 mm) 
Maximum 0.007 in. (0.18 mm) 


Oil to air mounted in front of engine 
radiator. 


Minimum of 6.7 Imp. galls/min. (8 U.S. 
galls, 30.3 litr) @ 135°F (57°C) and 
engine speed 2200 rev/min. 


Minimum of 7.5 Imp. galls/min. (9 U.S. 
galls, 34.0 litr) @ 135°F (57°C) and 
engine speed 2200 rev/min. 


Spin—on 10 micron high capacity with 
electrical restriction warning light and 
by—pass facility. 


23 Ibf/in2 (1.7 bar) 
30 Ibf/in2 (2.0 bar) 
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Hydraulic Control Valve 


Type Separate casting, multi-spool with 
internal cast-in galleries. 

Control By electrically operated solenoid coils 
signalled by Electronic Management 
System. 


System Operating Pressure (Regulating Valve) 240-260 Ibf/ine (16.5-17.9 bar) @ 
135° F (57°C) and 2200 engine rev/min 


adjustable by shims 


Modulating Valve Pressure Factory set, non—adjustable 


Multi-plate Wet Clutches 


Type Constant running, pressure lubricated, 
pressure applied and spring released. 


Speed Clutches 


No. of friction plates 6 in each of 6 clutches 
No. of separator plates 6 in each of 6 clutches 
No. of belleville Springs 4 in each of 6 clutches 


Maximum servicable clutch plate free play when assembled = 0.125 in. (3.18 mm) See 
Section E Chapter 5 for detailed 


measuring instruction. 


Directional Clutches 


No. of friction plates 14 in each of 3 clutches 
No. of separator plates 14 in each of 3 clutches 
No. of belleville Springs 8 in each of 3 clutches 


Maximum servicable clutch plate free play when assembled = 0.290 in. (7.37 mm) See 
section E Chapter 5 for detailed 


measuring instruction. 


(Friction plates, separator plates, pistons and belleville springs in all clutches are identical) 


Bearings 
Type High quality, high performance and 
durability. (substitution with claimed 
equivalents is not recommended) 
Weight (Dry) 1550 Ibs (710 kgs.) approximately. 
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Oil Capacity 
(Combined Transmission and Rear Axle) 
8630 and 8730 20.9 Imp. Galls. 25.1 U.S. Galls. 95.0 
litres 
8830 21.1 Imp. Galls. 25.4 U.S. Galls. 96.0 
litres 


With four wheel drive fitted, increase the transmission /rear axle oil by 9.2 Imp. Pints, 11.0 U.S. 
pints, 5.2 litres. 


Oil Type Ford Specification M2C134—D only 


Note: On no account should cutting or blending fluids be used in an attemp to improve cold 
weather performance. 


Electrical System 


Fuses — Location Auxillary Fuse Box on Transmission 
Front Console Harness 


Rating and Function Fuse No.1 30Amp Transmission 
Power 
Fuse No.2 5 Amp TCM and Digital 
Display 
Transmission Control Module (TCM) 16 Bit Micro—Controller with Application 


Memory and Non—Volatile Calibration 
Memory (no back-up battery power 
required to protect memory). Fully 
Weather Sealed 


Ratios 


(F = Foward R = Reverse) 


Speed Ratio Speed Ratio Speed Ratio 
F1 12.595 F10 3.033 R4 7.872 
F2 10.658 F114 2.567 R5 6.661 
F3 9.107 Fi2 2.193 R6 5.692 
F4 7.951 13 1.915 R7 4.969 
F5 6./2/ F14 1.620 R8 4.205 
F5 5.749 F15 1.384 R9 3.593 
F7 4.884 F16 1.176 R10 3.052 
F8 4.133 F17 0.995 R11 2.583 
FQ 3.531 F18 0.850 R12 2.207 
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Ground Speeds (with18.4/15 —38 tyres) 
Note: to convert the road speed listed below to suit another tyre size, multiply the speed in the 


chart by the following factor corresponding to the required tyre size. 
Tyre size 20.8 — 38, multiply by 1.043 Tyre size 23.1 — 34, multiply by 1.024 
Tyre size 24.5 — 32, multiply by 1.018 Tyre size 18.4 — 42, multiply by 1.061 


Ground Speed 
Speed; 1500 engine rev/min. 1875 engine rev/min. 2200 engine rev/min. 
MPH km/h MPH km/h MPH km/h 


rt 
rz | os7_| 187 | 12 | t06 | 143 | 290 
fra [ aia vas [tae [ame | ter | ae 
re [130 [210 [103 | eee [ver] 308 
rs | ise | 20a [193 | aio | 206 | 368 
ee [ 100 | 200 | 2a | ses | 26a | 425 


re [es [aoe [aie [505 [eee [sae 


re} ae | are | ser_| sai aai_| 603 
rio | eae | 550 | aa7 | 688 | soi | aor 
en | 40 | 650 | 505 | 019 | see | 953 
re [ara | 7er_| ser] 9s1_| 693 | 11.16 
ris | 7aa| te0s [ase | 1508 | 1098 [1767 
rie [esi | vais | aioe | iv7a_| i203 | 2080 
rie | ate | 196 | 1624 | ease | 178 | e077 
a OC 
ma [eae [ae fess 
ms | 156 | 250 | +05 | ara | 228 | 967 
| 402 | 200 | a2a | aes | 267 | 430 
A? 
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Torque Specifications 


= lbf.ft 
= Nm 


61-74 
LU 


Tubes and Connectors 


Pump, Filter and Control Valve Adaptors 92 Ibf.ft 125 Nm 
Pump Intake Tube Strainer 110 Ibf.ft 150 Nm 
Pump Intake Tube Elbow Connector Nuts 165 Ibf.ft 225 Nm 
Pump to Filter Tube connector 98 Ibf.ft 133 Nm 
Filter to Control Valve Tube Connectors 98 lbf.ft 133 Nm 
Lubrication and Brake Tube Connectors 98 Ibf.ft 133 Nm 
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F. SPECIAL TOOLS 


Description V.L. Churchill North America 

Mechanical Overhaul 

*Clutch Gear/bearing Pulling Attachment 1126 *FNH 00101 

*Speed Clutch Lifting Bracket FT 5008 *FNH 00102 

*Clutch Belleville Spring Compressor FT 5009 *FNH 00103 

“Housing Guide Rods - set of 2 Local Manufacture *FNH 00104 

*Clutch Oil Supply Sleeves — Removal 943 (modified legs) *FNH 00105 

Tool 

“Housing Lifting Eyes — set of 3 Local Manufacture *FNH 00106 

‘Housing Lifting Eyes — set of 3 Local Manufacture *FNH 00107 

*F2 directional Clutch Lifting Eye Local Manufacture “FNH 00108 

Puller 943 9507 

Puller (large) 1003 9516 

Pulling Attachment (large) 1126 1126 

Pulling Attachment 952 9526 

Slide Hammer 9435S 9567 

Slide Hammer (from pilot bearing puller) 954C 9508 

Shaft Protectors 625A 9212 

“These items are available under Kit No. 

FNH 00100 in North America only 

Pressure Testing 

Gauge 0 — 400 Ibf/in2 (0 — 27 bar) FT 8616 FNH 06653 

Adaptor — Gauge to Hose FT 8503-8 FNH 00705 

Adaptor — into Hydraulic Control Valve FT 8613 FNH 00109 

Elbow — Hose to Adaptor 86246—-S36 86246-S36 
3926127 (finis) 

Hose — Gauge to Control Valve E1iNN F493 AA FNH 07089 
3936707 (finis) 

Adaptor — Pressure Gauge to Flowmeter N1100 CR2A N1100 CR2A 

Flow Testing 

Adaptor — Filter to Hose and Return — 2 off} FT 8615 FNH 00110 

Adaptor — Hose to Control Valve Cooler FT 8614 FNH 00111 

Return 

Adaptor—Hose to Cooler Supply Tube FT 8557 FNH 00112 


Tool Number 


Flowmeter (low back pressure type) 


Procure Locally 
Flowmeter Test Hoses with 11/16 JIC ends 


Procure Locally 
Procure Locally 


Procure Locally 
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Chapter 7 


LOW PRESSURE HYDRAULIC SYSTEM 
FORD 8530, 8630, 8730 and 8830 


transmission (where fitted). 
For a complete description and operation 
of the Powershift transmission hydraulic 
operating circuit refer to Chapter 5 of this 
Part of the Repair Manual. 


To supply oil at pump system pressure to 
the power braking system. 

For a complete description and operation 
of the power brakes refer to Part 7 Chapter 
3 of this Repair Manual. 


To provide system pressure operating oil 
to the independent power take off clutch 


Section Page 
A. DESCRIPTION AND OPERATION 1 
B LOW PRESSURE REGULATING VALVE—-OVERHAUL 
(8x2 and 16x4 TRANSMISSIONS) 6 
C. PRESSURE TESTING 7 
D SPECIFICATIONS AND SPECIAL TOOLS 10 
A. DESCRIPTION AND OPERATION 
With the introduction of the 8530, 8630, 8730 (P.T.O), differential lock clutch, dual power 
and 8830 range of tractors the low pressure clutch (where fitted) and four wheel drive 
hydraulic system now has the _ following engagement system (where fitted). 
functions:— 
e To supply lubrication oil to the P.T.O. 
« To supply the system pressure and clutch pack, the rear axle planetary 
lubrication oil for the Powershift reduction gears, rear axle brakes, P.T.O. 


shaft and dual power unit (where fitted). 


The low pressure hydraulic oil supply is drawn 
from the transmission and rear axle oil by the 
gerotor pump which is mounted on the rear 
end of the transmission and driven by the 
main P.T.O. shaft. 


As with the prior TW range of tractors the low 
pressure hydraulic circuit is of the open centre 
design whereby when the engine is running 
hydraulic oil is continuously pumped through 
the circuit. 
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Figure 1 


Low Pressure Hydraulic System Pipework 
8x2 and 16x4 Transmissions 


1. Lubrication Line to P.T.O. Clutch, Planetary 
Gears, Brake Discs and P.T.O. Stub Shaft 

2. Lubrication Line to Dual Power 

3. From Cooler 

4. To Cooler 

5. Regulating Valve 

6. Pressure Line to Differential Lock, P.T.O. and 
Four Wheel Drive Engagement Solenoid 

7. Differential Lock Operating Solenoid 

8. Manifold 

9. Supply Line to Power Brake Valve 

10. Pressure Line to Dual Power Control Valve 


Low Pressure Hydraulic System 
8x2 and 16x4 Transmission Tractors 


With reference to Figures 1, 2 and 3. 


Operation of the low pressure hydraulic circuit 
on tractors fitted with 8x2 and 16x4 
transmissions is as follows:— 


Oil when drawn by the transmission mounted 
pump is directed through passages in the 
transmission rear end plate and _ the 
transmission case to the manifold and 
regulating valve mounted on the right hand 
side of the transmission. 


Pressurised pump oil is fed from the manifold 
to the differential lock operating solenoid, 
P.T.O. control valve, four wheel drive 
Operating solenoid, power brake valve and 
dual power unit (where fitted), Figure 1. When 
the system pressure oil supply has been 
reached the regulating pressure valve 
operates allowing oil to pass through to the 


Figure 2 
Manifold and Pressure Regulating Valve 


Supply Line to Power Brake Valve 

Pressure Line to Dual Power Control Valve 
Lubrication Pressure Regulating Valve 
System Pressure Regulating Valve 

To Cooler 

Regulating Valve Housing 

Pressure Line to Differential Lock, P.T.O. and 
Four Wheel Drive 

Low Pressure Warning Switch 

Manifold 


C2. Oo ely 


lubrication pressure regulating valve and on 
to the oil cooler and lubrication circuit. 


Lubrication oil from the cooler is directed, to 
the front transmission and flows, via the dual 
power housing on 16x4 transmissions, to the 
centre passages of the transmission main 
countershaft and output shaft which feature 
radial drillings to facilitate pressure lubrication 
of the bearings and gears. Lubrication oil is 
also directed into the rear transmission to 
lubricate the P.T.O. clutch pack, rear axle 
planetary gears, brakes and P.T.O. stub 
shaft. 


The lubrication pressure regulating valve 
located adjacent to the system pressure 
regulating valve, Figure 2, protects the oil 
cooler/lubrication circuit from excessive 
pressure by allowing surplus oil to be passed 
directly to sump while maintaining an 
adequate supply of oil to the cooler and 
lubrication circuits. 
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Low Pressure Hydraulic System 
Powershift Transmission Tractors 


A comprehensive description of the hydraulic 
system for Powershift transmission tractors is 
detailed in Chapter 5 of this Part of the Repair 
Manual. The following description and 
operation describes the low’ pressure 
hydraulic circuit for the power brakes, 
differential lock clutch and P.T.O. clutch pack. 


Oil when drawn by the Powershift 
transmission mounted gerotor pump passes 
through the transmission filter where it is 
directed via a 3 way outlet connector to the 
powershift transmission control valve. power 
brake valve, differential lock clutch, P.T.O. 
clutch pack and four wheel drive engagement 
system in the transfer box, Figure 4. 


The system pressure is maintained by the 
pressure regulating valve located in the 
transmission control valve. Any surplus oil 
that is not required for operation of the 
powershift transmission clutches and 
modulating valves is directed towards the 
cooler and lubrication circuits. To protect the 
oil cooler and lubrication circuits from 
excessive pressure a lubrication and cooling 
relief valve is positioned in the centre section 
of the transmission main housing. When the 
pressure of oil supplied to these circuits 
exceeds the setting of this non adjustable 
valve the valve opens allowing surplus oil to 
be passed directly to sump while maintaining 
an adequate supply of oil to the cooler and 
lubrication circuits. 
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Figure 4 


Powershift Transmission Low Pressure Hydraulic Oil 
Pipework 


. Filter to Control Valve 

. To Cooler 

. From Cooler 

Filter 

Pressure Line to Differential Lock, P.T.O. and 
Four Wheel Drive Engagement Solenoid 
Lubrication Line to P.T.O. Clutch, Planetary 
Gears, Brake Discs and P.T.O. Stub Shaft 
Pump to Filter 

To Power Brake Valve 


ON OO TAWNHH 


A’T’ connector is fitted to the output port of the 


_ transmission control valve which allows oil to 


be routed to both .the cooler and rear 
transmission to facilitate lubrication of the 
P.T.O. clutch pack, the rear axle brakes, 


‘planetary gears and P.T.O. stub shaft, 


Figure 4. Unlike the 8x2 and 16x4 
transmission tractors the lubrication oil does 
not pass through the oil cooler prior to being 
directed to the cooling circuits. 


The circuit for the low pressure hydraulic 
system excluding operation and lubrication of 
the Powershift transmission is shown in 
Figure 5. 


14. To Four Wheel Drive Solenoid 
15. Differential Lock Solenoid 


13. Gerotor Pump 


pss] Reservoir, Suction and Exhaust Oil 
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B. LOW PRESSURE REGULATING VALVE—-OVERHAUL 
(8X2 and 16x4 TRANSMISSION TRACTORS) 


Figure 6 

Low Pressure Regulating Valve Assembly 
1. Valve Body 
2. Lubrication Pressure Valve Spool 
3. Notch 
4. Spring 
5. Plug 
6. Spring 
7. System Pressure Valve Spool 


REMOVAL 


1. Disconnect pipes from regulating valve 
assembly and plug or cap exposed pipe 
ends to prevent contamination. 


2. Withdraw mounting bolts and carefully 
remove valve assembly from side of 
transmission. 


DISASSEMBLY 
With reference to figure 6. 


1. Remove the socket headed plugs and 
carefully withdraw the valve springs and 
spools. Discard and remove all ’O’ ring 
seals. 


IMPORTANT: The valves and springs are not 
interchangeable. Tag or identify the valves 
and springs to ensure correct re—assembly. 


INSPECTION AND REPAIR 


1. Thoroughly clean all components using a 
Suitable solvent. Blow’ dry with 
compressed air not exceeding 30 Ibf/in2 
(2 bar, 2.1 kgf/cm?) 


2. Inspect the spools for excessive wear, 
scoring, burrs and binding in_ their 
respective bores. Replace if necessary. 


NOTE: When diagnosing complaints that 
could be due to low pressure or when low 
pressure is observed, check the system 
pressure valve spool orifice for restrictions. If 
the valve spool is found to be restricted, 
thoroughly clean prior to re—assembly. Never 
shim a low pressure hydraulic system valve to 
correct low pressure complaints. 


3. Inspect the springs for wear or damage 
and compare with new springs for fatigue. 


4. Ensure the orifice in the housing between 
the system pressure valve and the 
lubrication pressure relief valve is free 
from obstruction. 


RE-ASSEMBLY AND INSTALLATION 


5. Re-assembly of the regulating valve 
follows the disassembly procedure in 
reverse. On re—assembly ensure the 
notch cut in the front sealing land of the 
lubrication pressure regulating valve 
spool is positioned nearest the spring. 
Replace all ’O’ ring seals. 


6. Installation follows the removal procedure 
in reverse. On installation, tighten the 
mounting bolts to the specified torque, 
see Specifications Section D of this 
Chapter. 
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. Figure 7 
Pressure Testing Port Location 


. Differential Lock Solenoid 

. Test Port 

. Pressure Line to Differential Lock, P.T.O. and 
Front Wheel Drive Engagement Solenoid 

. Pressure Line to Front Wheel Drive Engagement 
Solenoid 


- WN 


OhRWh — 


Figure 8 
Pressure Testing Low Pressure Hydraulic System 


. Adaptor FT 8613 or FNH 00109 

. Elbow 86246-S36 

Test Hose E1NN F493 AA or FNH 07089 
. Adaptor FT 8503-8 or FNH 00705 

. Pressure Gauge FT 8616 or FNH 06653 


C. PRESSURE TESTING 


The following procedure tests the low 
pressure hydraulic system for operation of the 
dual power, P.T.O., differential lock and four 
wheel drive systems. For hydraulic testing of 
the powershift transmission refer to Part 5 
Chapter 6 of this Repair Manual. 


The following test procedure can be used to 
isolate a particular problem within the system. 
For example, if a pressure reading is low in 
only one step of the test, the cause of the 
hydraulic concern is related to the part of the 
system with the low reading. If pressure 
readings are low in all tests the regulating 
valve or pump is probably at fault. 


Perform the pressure test as follows and 
compare the readings obtained with those 
listed in Specifications Section D of this 
Chapter. 


1. Operate the tractor until the hydraulic 
system oil is at normal operating 
temperature. Stop the engine. 


2. Remove the plug from the upper test port 


adjacent to the differential lock solenoid , 
Figure 7. 


Using adaptor FT 8613, a 7/16 in JIC 
male/female elbow (Ford Part No 
86246-S36 Finis code 3926127 or 
equivalent proprietary item), hose (Ford 
Part No E1NN F493 AA Finis code 
3936707) and adapter F T8503-—8 connect 
the low pressure test gauge F T8616 into 
the system, Figure 8. 


Start the engine and set the speed at 1000 
rev/min. Engage the four wheel drive 
(where fitted). | 


Tractors with Dual Power 
(16x4 Transmissions) 


(a) Check the pressure with the Dual 
Power in underdrive (tortoise 
symbol illuminated) 


(b) Check the pressure with the Dual 
Power in direct drive (hare symbol 
illuminated) 


(c) With Dual Power in direct drive 
engage the P.T.O. and check the 
pressure reading. 


(d) With Dual Power in direct drive and 
the P.T.O. engaged, engage the 
differential lock and check the 
pressure reading 


(e) With the Dual Power in direct drive 
and the P.T.O. engaged, apply the 
left wheel brake and check the 
pressure reading. While holding 
down the left hand pedal, apply the 
right wheel brake and check the 
pressure reading. 


(f) With Dual Power in direct drive and 
the P.T.O. engaged, disengage the 
four wheel drive and check the 
pressure reading. 


(g) Check the system pressure with the 
engine running at 2200 rev/min and 
the Dual Power in direct drive and 
P.T.O. disengaged. 


6. Tractors less Dual Power: 


(a) Start the engine and set the speed at 
1000 rev/min. Engage the front 
wheel drive (where fitted) and record 
the pressure reading. 


(b) Engage the P.T.O. and check the 
pressure reading. 


(c) With the P.T.O. engaged, engage 
the differential lock and check the 
pressure reading. 


(d) Disengage the four wheel drive and 
check the pressure reading. 


7. Stop the engine and remove the test 
equipment. Install the plug and tighten 
securely. 
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LUBRICATION FLOW AND PRESSURE 
CHECKS 


The following flow and pressure checks are 
applicable to 8x2 and 16x4 transmissions 
only. For pressure and flow checking the 
cooler circuit on Powershift transmission 
tractors refer to Part 5 Chapter 5 Section E of 
this Repair Manual. 


Checking Cooler Flow 


1. Operate the tractor until the hydraulic 
system oil is at normal operating 
temperature. Set the hand throttle to give 
an engine speed of 1000 rev/min. then 
stop the engine. 


2. Disconnect the inlet hose to the oil cooler. 


NOTE: On all units with the exception of 
tractors with air conditioning this is the lower 
hose. On units with air conditioning examine 
the hoses to establish the inlet to the cooler. 


3. Place the end of the disconnected hose in 
a 2 gallon/10 litre clean container. 


4. With the help of an assistant, start the 
engine and time how long it takes to fill the 
container with 2 gallons/10 litres of oil. 
Compare the time with that shown in 
Specifications Section D. A slow time 
indicates a malfunction in the circuit. 


5. Re-connect the inlet hose and return the 
oil expelled during this test to the rear 
axle. 


6. Disconnect the outlet hose to the cooler. 
Attach a suitable length of hose to the 
outlet connection on the cooler and place 
the end of the hose into the container. 
Start the engine at 1000 rev/min. and 
record the time to fill the container with 2 
gallons/10 litres of oil and compare it with 
that shown in Spectifications Section D. A 
recorded time slower than that specified 
indicates a malfunction in the circuit. 


CHAPTER 7 


Figure 9 
Oil Cooler Inlet Pressure Check 
(Tractor with air conditioning shown) 


Pressure Gauge 0-150 Ibf/in2 (10 bar) 

Test Hose E1NN F493 AA or FNH 07089 
Suitable 7/16 in JIC Adaptor to Connect Test Hose 
to 'T’ Piece 

'T’ Piece and Suitable Hose Clamps 

Hose Connecting 'T’ Piece to Oil Cooler 

Oil Cooler Inlet Hose 


Oe N= 


Checking Cooler Inlet Pressure 


The oil cooler inlet pressure can be checked 
by disconnecting the cooler inlet hose from 
the cooler inlet tube and using a ’T’ piece to 
install a pressure gauge into the circuit. 


1. Operate the tractor until the hydraulic 


system oil is at normal operating 
temperature 170°F (77°C). Stop the 
engine. 


2. Disconnect the oil cooler inlet hose and 
using test hose E1NN F493 AA, adaptor 
FT 8503-8, a suitable ‘T’ piece, rubber 
hose and hose clamps attach a 
0-150lbf/in2 pressure gauge to the 'T’ 
piece, Refer to Figure 9. Ensure that all 
connections are secure. 


3. Using an assistant start the engine and 
set the engine speed to 2200 rev/min. 
Observe the reading on the pressure 
gauge. 


Figure 10 


Lubrication Pressure Regulating Valve Check 
(Tractor with air conditioning shown) 


Pressure Gauge FT 8616 or FNH 06653 

Test Hose E1NN F493 AA or FNH 07089 
Suitable 7/16 in JIC Adaptor to Connect Test Hose 
to Inlet Hose 

Hose Clamp 

Oil Cooler Inlet Hose 


A; ON > 


Checking Lubrication Pressure 
Regulating Valve Setting 


If the operation of the lubrication regulating 
valve is in doubt the transmission lubrication 
pressure regulating valve setting can be 
checked by installing a pressure gauge into 
the inlet side of the oil cooler as follows:—. 


1. Operate the tractor until the hydraulic 
system oil is at mormal operating 
temperature 170°F (77°C). and set the 
engine speed to 1000 rev/min. Stop the 
engine but do not readjust the throttle. 


2. Using test hose E1NN F493 AA, adaptor 
FT 8503-8 and a suitable “’/16 in JIC 
adaptor, which must be a tight fit inside the 
oil cooler inlet hose, connect the 
O—400lbf/in2 pressure gauge FT 8616 to 
the cooler inlet hose. Refer to Figure 9. 
Ensure that all connections to the 
pressure gauge are secure. 


3. Using an assistant to start the engine 
observe the reading on the pressure 
gauge. 


IMPORTANT: To avoid damage to the 
components in the lubrication circuit run the 
engine for no longer than it takes to observe 
the reading on the pressure gauge. 
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4. Remove the pressure gauge and 
reconnect the hose to the cooler. 


Compare the readings for both the oil cooler 
inlet pressure and pressure regulating valve 
with the values shown in Specifications 
Section D of this Chapter.If the readings are 
away from Specification, refer to Page 6, 
Chapter 4, ‘Transmission Trouble Shooting 
Chart, for possible causes and 
recommended corrective actions. 


D. SPECIFICATIONS AND SPECIAL TOOLS 
8x2 and 16x4 TRANSMISSIONS 


Specifications 


‘Low Pressure Pump 
Type 
Capacity @2200 rev/min 


System Pressures 
System Pressure @ 1000rev/min 


System Pressure @ 2200rev/min 


Maximum Difference between Dual Power 
Engaged and Disengaged 


Lubrication Circuit 
Lubrication Pressure Regulating Valve 
Cooler Inlet Pressure @ 2200 rev/min 


Cooler Inlet Flow (oil into container) @1000 rev/min 


Gerotor 
7.5 Imp. galls/min 
(9 U.S. galls, 34 litres) 


235—-265lbf/in2 (16.2—18.3 bar) 
@170°F (77°C) 

260—300Ibf/in2 (17.9-20.7 bar) 
@ 170°F (77°C) 


10 Ibf/in@ (0.7 bar) 
120 Ibf/in2 (8.3 bar) 


40-60 Ibf//in2 (2.8—4.1 bar) 
2 imp galls (10 litres) in 1 min 


Cooler Outlet Flow (oil into container) @1000 rev/min 2 imp galls (10 litres) in 1 min 


Torques 
Low Pressure Regulating Valve Mounting Bolts 


Special Tools 


30 Ibf.ft (40 Nm) 


Description Tool Number 
V.L. Churchill North America 
Adaptor FT. 8503-8 FNHO0705 
Adaptor FT. 8613 FNHO0109 
Pressure Gauge 0—400 Ibf/in@ FT. 8616 FNH 06653 
Test Hose E1NN F493 AA FNH 07089 
(Finis Code 3936707) 
Elbow 86246-S36 86246-S36 


(Finis Code 3926127 
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Chapter 8 
CREEPER REDUCTION GEARSET 


Section 
A DESCRIPTION AND OPERATION 
B. OVERHAUL 


Page 


A. DESCRIPTION AND OPERATION 


Figure 1 
Reduction Gearbox Installed on Rear of 
Transmission 


1. Actuating Piston 
2. Creeper Reduction Gearset 
3. Transmission Hydraulic Pump 


8030 Series Tractors installed with the 18 x 9 
powershift transmission, can be ordered with 
an optional ‘creeper’ two stage planetary 
reduction gearset. 


The reduction gearset is mounted on the 
Output shaft at the rear of the transmission, 
Figure 1 and when engaged reduces the 
transmission output speed by a ratio of 
10.609:1. This option enables a further 18 
forward and 9 reverse gears in a ‘creep’ mode 
to be selected. 


The creeper gear is engaged using the 
following procedure :— 


1. Ensure tractor is stationary by either 
depressing inching pedal or moving shift 
lever to neutral. 


2. Depress creeper switch, Figure 2 and 
wait 5 seconds with the tractor stationary. 


Figure 2 
Creeper Switch 


NOTE: When creeper switch is depressed 
the liquid crystal display will flash ‘CR’ 
followed by the gear speed selected, 
eg CR F18. The creeper gear selected by the 
transmission control module during initial 
Start up is that which relates closest to the 
ground speed of the same gear in direct drive. 


3. Release inching pedal or move shift lever 
forward to engage drive. 


4. Use shift lever to select other creep 
speeds. 


To Disengage Creep 

1. Ensure tractor is stationary. 

2. Depress creeper switch. 

3. Depress inching pedal for approximately 
5 seconds or move shift lever to neutral 


and leave in neutral with tractor stationary 
for approximately 5 seconds. 


Operation 


Figure 3 
Creeper Engagement Oil Flow Schematic 


Solenoid 

Creeper Reduction Gearset 
Actuating Piston 

Transmission Hydraulic Pump 
To Transmission Control Valve 


TE Oh = 


When creep is engaged a solenoid operated 
valve mounted on top of the transmission is 
energised. Refer to Figure 5. 


This valve directs transmission system 
pressure oil through oil galleries in the 
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transmission rear casing to two actuating 
pistons which engage/disengage the creeper 
gear assembly. Figure 3. 


When creeper gear is disengaged the 
solenoid is de—energised preventing 
transmission system oil pressure from being 
directed to the actuating pistons. The pistons 
which are sprung loaded are now fully 
extended and engage the ring gear with the 
output shaft, Figure 4A. 


The output shaft can now no longer rotate 
independently of the ring gear, consequently 
both the 1st and 2nd planetary reduction gear 
sets are locked preventing any reduction of 
transmission output speed through the 
creeper reduction gearset. 


When ‘creep’ is engaged the solenoid is 
energised directing transmission system 
pressure oil to the actuating pistons. The 
pistons retract against their springs and 
reposition the ring gear to engage with the 
creep gear.The ring gear is now locked to the 
transmission housing and not the output 
shaft. As the output shaft revolves it drives 
the reduction gear set, which reduces the 
final output speed of the transmission by the 
ratio of 10.609:1, Figure 4B. 
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Figure 4 
Creeper Reduction Gear Power Flow 


A Creeper Gear Disengaged 


2nd Planetary Reduction Gear Set 
Ring Gear 

Actuating Piston 

Output Shaft Gear 


a Ne 


B Creeper Gear Engaged 


5. Transmission Output Shaft 
6. Creep Gear 
7. 1st Planetary Reduction Gear Set 
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B. OVERHAUL 


SOLENOID VALVE OVERHAUL 


1. Disconnect the supply tube to the creeper 
solenoid valve, Figure 5. 


2. Remove valve and disassemble with 
reference to Figure 6. 


3. Wash the spool and body using a suitable 


solvent. Figure 5 


Creeper Solenoid Valve Installation 


1. Solenoid Valve 
2. Hydraulic Supply 


4. Re—assemble and install the valve using 
new seals and gasket. If plate, item 6, was 3 
removed install a new gasket between 5. Tighten the valve retaining bolts to a 
plate and transmission housing. torque of 17-20 Ibf.ft (23-27 Nm). 


PS7-2 TI 
Figure 6 
Creeper Solenoid Valve—Exploded View 
1. Core 6. Plate 11. Bolts 
2. Solenoid Coil 7. Gasket 12. Seal 
3. Nut 8. Body 13. Spool 
4. Spring 9. Plug 14. Snap Ring 
5. Pin 10. ‘O’ Ring 15. Spool 
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Figure 7 
Creeper Gear Assembly 


1. Actuating Piston Assembly 7. Disc 

2. Planetary Gear Set 8. Collar 

3. Retaining Bolt 9. ‘O’ Ring 
4. Ring Gear 10. ‘O’ Ring 
5. Snap Ring 11. Piston 

6. Washer 


PLANETARY GEAR SET OVERHAUL 


1. Remove the cab and separate the rear 
axle and transmission as described in 
Chapter 5 of this Part of the Repair 
Manual.. | 


NOTE: /t is not necessary to remove the 
transmission from the tractor unless a 
transmission overhaul is required. 


12. ‘O’ Ring 

13.: Spring 

14. Creep Gear 
15. Bolts (16 off) 
16. Thrust Bearing 


DISASSEMBLY 


With reference to Figure 7 


1. 


2. 


Remove bolt (item 3). 


Remove snap ring (item 5) and washer 
(item 6). 


Lift gearset from transmission. 


Unscrew and remove pistons and springs 
(Items 8-13). 


Remove creep gear (item 14). 
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Figure 8 
Planetary Gear Set Assembly 
1. Needle Roller Bearings 9. Thrust Bearing 17. Needle Roller Bearing 
2. Planetary Gear 10. Thrust Washer 18. Roll Pin 
3. Thrust Washers 11. Snap Ring 19. Planetary Gear 
4. Roll Pin 12. Thrust Bearing 20. Output Shaft Gear 
5. Shaft 13. Sun Gear 21. Thrust Bearing 
6. 2nd Stage Reduction Gear Set 14. Thrust Bearing 22. Sun Gear 
7. Sleeve 15. Shaft 23. !st Stage Reduction Gear Set 
8. Thrust Washer 16. Thrust Washers 24. Thrust Bearing 


6. Disassemble planetary gear sets. Refer 
to Figure 8. 


NOTE: Washers items 8 and 10 must be 
installed with chamfer away from thrust 
bearing item 9. 


INSPECTION 


1. Inspect all components for wear and 
replace as necessary. If excessive wear 


is visible inspect the lubrication orifice in Figure 9 
the transmission output shaft for Creep Transmission Output Shaft and Clutch 
obstruction, Figure 9. Assembly 


1. Lubrication Orifice 


2. Replace all ‘O’ ring seals. 


RE-—ASSEMBLY 


1. Install creep gear, and tighten retaining 
bolts to a torque of 30-40 bf. ft 
(40-54 Nm). 


2. Install pistons into transmission housing, 
Do Not install discs onto pistons . 


3. Re-—assemble planetary gear set. 


4. Locate planetary gear set onto output 
shaft while at the same time engaging the 
discs of the actuating pistons into the 
groove on the side of the ring gear, 
Figure 10. 


NOTE: A slight pressure may be required 
when installing the planetary gear set in order 
that the sleeve, item 9 Figure 8, is fully 
located onto the end of the output shaft. 
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Figure 10 
Installing Planetary Gear Set 


Planetary Gear Set Assembly 
Piston Disc 
Piston Disc 


Install washer and snap ring onto each 
piston disc, Ensure the snap rings are 
fully seated. 


Apply loctite 242 to reduction gear 
assembly retaining bolt and tighten to a 
torque of 49-56 Ibf. ft (66-76 Nm). 
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Chapter 1_ 
SERVICING THE INDEPENDENT POWER TAKE-OFF 


Section Page 
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A. 1.P.T.O. — DESCRIPTION AND OPERATION 


The independent power take-off (I.P.T.O.) the transmission upper shaft to the rear of the 
input shaft is driven by a splined hub attached transmission. 

to the centre of the engine flywheel, Figure 1. Splined to the rear end of the input shaft is the 
The input shaft passes through the centre of |.P.T.O. clutch hub. 
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Figure 1 
1.P.T.O.Schematic 
1. Drive Gears 6. |.P.T.O. Input Shaft 
2. |.P.T.O. Output Shaft Cap 7. Clutch Hub 
3. 1.P.T.O. Output Shaft 8. I.P.T.0. Clutch Assembly 
4. Driven Gears 9. Brake Disc 
5. |.P.T.0. Control Valve Assembly 10. I.P.T.O. Rear Shaft 
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TW-5, TW-15 AND TW-25 


Five friction drive plates are internally splined 
to the clutch hub and positioned between nine 
steel driven plates and a pressure plate which 
are externally splined to the clutch housing. 


NOTE: One steel plate is located adjacent to 
the clutch piston and the remainder are 
installed in pairs between the friction plates. 


TW-35 


Four friction drive plates are internally splined 
to the clutch hub and positioned between four 
steel driven plates and a pressure plate. The 
driven plates are grooved externally and 
pinned to the clutch housing. 


TW-5, TW-15, TW-25 AND TW-35 


An hydraulic piston is located at the rear of the 
plates within the clutch housing. Pressurised 
hydraulic oil can move the piston forwards to 
force the clutch plates together and engage 
the clutch. When the clutch is disengaged the 
clutch housing is held stationary by a brake 
which consists of a replaceable steel disc 
splined to the clutch housing and brake pads 
with a piston located in the clutch support. 


Hydraulic operation of the brake piston forces 
the rear pad forward towards the front fixed 
pad to clamp the brake disc and hold the clutch 
assembly. 


The |.P.T.O. brake will release when the 
engine is stopped allowing the output shaft to 
be turned by hand to facilitate attachment of 
equipment. 


Hydraulic oil flow to the clutch piston and 
brake cylinder is controlled by a control valve 
and regulating valve assembly situated on the 
left-hand side within the rear axle centre 
housing. The control valve spool and the 
regulating valve are separated by a spring and 
rod assembly. This design provides a 
feathering action which allows the |.P.T.O. 
clutch to be smoothly engaged. 


Hydraulic oil is supplied to the valve from the 
Gerotor pump (mounted on the rear end of the 
front transmission) via the system pressure 
regulating valve and the P.T.O./Differential 
Lock valve for TW-5, TW-15 and TW-25 
models and via the brake priority and system 
pressure regulating valves for the TW-35 
model. The system pressure regulating valve 
maintains the pressure of the oil irrespective of 
engine speed and also acts as a system relief 
valve for the circuit. See ‘Transmission 
Systems’ — Part 5. 


Oil supply to the clutch piston and lubricating 
oil to the clutch plates passes through the 
clutch support assembly to the rotating clutch 
assembly. Sealing rings, located in the annular 
grooves of the clutch housing hub, prevent the 
escape of oil between the hub and the support. 
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The clutch housing is splined onto an upper 
rear shaft which passes to the rear of the centre 
housing. The drive is transmitted from the 
upper shaft to an output shaft by a set of 
reduction gears. 


For TW-5, TW-15 and TW-25 models, the two- 
speed |.P.T.O. features a double set of 
reduction gears running in constant mesh and 
the installaton of one of two interchangeable 
output shafts effects selection of either the 540 
or 1000 rev/min P.T.O. speed. 


The TW-35 model has a single set of reduction 
gears running in constant mesh and the 
installation of an output shaft effects selection 
of the rated 1000 rev/min single speed P.T.O. 
For shaft sizes, see Page 4, ‘Specifications’ — 
Chapter 2. 


IMPORTANT: Never operate the tractor with — 


the I.P.T.O. output shaft removed. The shaft 
supports the driven gears and acts as a 
bearing. Operation without the shaft installed 
may cause severe damage. 


The |I.P.T.O. can be engaged, operated and 
disengaged whether or not the tractor is in 
motion. 


OIL FLOW 
CLUTCH DISENGAGED (BRAKE ON) 


With reference to Figure 2. 


With the engine operating, hydraulic oil is 
supplied by the Gerotor pump to the |.P.T.O. 
control valve. When the |.P.T.O. control lever 
is in the disengaged position, the control valve 
spool is moved fully to the right and the 
regulating valve spring closes the regulating 
valve. 


Supply oil from the pump enters the control 
valve housing at Port “A” and flows via an 
internal drilling to the right-hand end of the 
control valve spool. The oil passes across the 
control valve spool and out of the housing at 
Port ‘‘D"’ which leads to the |.P.T.O. brake 
cylinder. The oil pressure forces the brake 
piston outwards to apply the brake to the 
clutch housing. 


The return spring within the |.P.T.O. clutch 
forces the clutch piston rearwards. Oil is 
exhausted through the clutch support, the 
control valve housing at Port ‘’’C’’, across the 
valve and out of the housing at Port ‘’B” to 
return to the sump. Complete release of the 
clutch plates is thus assured. 
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Figure 2 
Oil Flow — |.P.T.O. Clutch Disengaged 


Cooler/ Lubrication Oil eeu Exhaust Oil ae Trapped Oil 


1. Sealing Rings 9. Regulating Valve 

2. Clutch Support 10. Regulating Valve Spring 

3. Brake Piston 11. Clutch Piston Return Spring 
4. Brake Pad/Piston Return Spring 12. Clutch Hub 

5. Brake Pads 13. Clutch Plates 

6. Control Valve 14. Clutch Housing 

7. Spring 15. Brake Disc 

8. Rod 16. Clutch Piston 
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Figure 3 
|.P.T.O. Clutch Engagement 


[eugiRs| Pressure Oil Reduced Pressure Oil ea Exhaust Oil [| Trapped Oil 


(i) Clutch Disengaged— Brake On (ii) Clutch Feathering— Brake Off (iii) Clutch Engaged — Brake Off 


1. Supply Port 6. Control Valve Housing 
2. Dump to Sump Port 7. Spring 

3. Clutch Piston Supply and Return Port 8. Rod 

4. Brake Piston Supply and Return Port 9. Regulating Valve 

5. Control Valve Spool 10. Regulating Valve Spring 
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Figure 4 

Oil Flow — |.P.T.O. Clutch Engaged 
(eee Pressure Oil _| Cooler/Lubrication Oil [a] Exhaust Oil 
1. Sealing Rings 9. Regulating Valve 
2. Clutch Support 10. Regulating Valve Spring 
3. Brake Piston 11. Clutch Piston Return Spring 
4. Brake Pad/Piston Return Spring 12. Clutch Hub 
5. Brake Pads 13. Clutch Plates 
6. Control Valve 14. Clutch Housing 
7. Spring 15. Brake Disc 
8. Rod 16. Clutch Piston 
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When the brake is fully applied, system 
pressure increases and the system pressure 
regulating valve opens. The oil then passes 
through the transmission oil cooler circuit at a 
reduced pressure and returns to the |.P.T.O. 
clutch support. A controlled quantity of oil 
passes through an orifice in the support and 
through a drilling in the clutch housing hub to 
exhaust within the clutch assembly thus 
providing pressure lubrication of the clutch 
plates. 


NOTE: Although the system _ pressure 
regulating valve is open, constant oil pressure 
is maintained on the brake piston. 


CLUTCH FEATHERING (BRAKE OFF) 
With reference to Figure 3. 


Moving the I.P.T.O. clutch control lever 
towards the engaged position initially moves 
the control valve spool to the left. This action 
cuts off the supply of oil to the brake piston 
Port ‘‘D” which is now open to sump. The rear 
brake pad return spring forces the brake piston 
rearwards to exhaust the oil and release the 
brake. The initial movement of the control 
valve spool to the left compresses the spring 
separating the control valve from _ the 
regulating valve. This force overcomes the 
regulating valve spring pressure and unseats 
the regulating valve. This action allows a 
metered flow of reduced pressure supply oil to 
pass across the regulating valve and, via an 
internal drilling, to the Port ‘’C’’ leading to the 
clutch piston. The piston starts to compress 
the clutch return spring and begins to force the 
clutch plates together to partially engage the 
clutch. 


CLUTCH ENGAGED (BRAKE OFF) 
With reference to Figure 4. 


When the |.P.T.O. control lever is in the 
engaged position the control valve spool is 
moved fully to the left. This movement further 
compresses the spring separating the control 
valve from the regulating valve until the spring 
length is the same as that of the inner rod. The 
rod now forms a solid link to fully open the 
regulating valve and allow full flow of pressure 
supply oil to pass to the clutch piston. The 
clutch piston fully compresses the clutch discs 
to ensure maximum engagement of the clutch. 


NOTE: 7he feed to the Port “C”’ is established 
in two stages to prevent the surge of pressure 
oil to the clutch thereby improving the 
feathering capability. 


Although the control valve spool is moved fully 
to the left, brake piston exhaust oil is still 
allowed to escape to sump. 


The system pressure regulating valve 
maintains the oil pressure acting on the clutch 
piston to ensure clutch engagement under all 
operating conditions. 


Excess supply oil is used to provide pressure 
lubrication of the clutch plates in the same 
manner as for the clutch disengaged oil flow. 


B. 1.P.1T.0. CLUTCH — PRESSURE TESTS 


If the |.P.T.O. clutch fails to operate correctly, 
as described in the previous section, the low 
pressure hydraulic system pressure tests 
should be conducted as detailed in Chapter 3 


of “TRANSMISSION SYSTEMS” — Part 5. 
The pressure tests should also be conducted 
after the clutch and control valve have been 
overhauled. 
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Figure 5 Figure 6 


I.P.T.O. Removal I.P.T.O. Control Linkage 
1. 1.P.T.O. Lubrication Line 1. Valve Spool Limiting Bolt 
2. 1.P.T.O. Control Valve 2. Locating Pin 
3. Coupler 3. Locating Bolt 
4. Hydraulic Pump Gear 4. Shift Fork Shoulder Bolt 
5. 1.P.T.O. Control Valve High Pressure Line 5. Shoulder Bolt 

6. Over-Centre Spring 

REMOVAL 6. Pivot the control valve spool lever to 


release the shift fork from the spool. 
1. Separate the tractor between the front 
transmission and rear axle assembly, see 
“SEPARATING THE TRACTOR” — 


Part 12. 
7. For TW-5, TW-15 and TW-25: 
2. Remove the |.P.T.O. drive hub and thrust Slide the 1.P.T.O. clutch and valve 
washer. assembly forward off the shaft splines and 


remove from the centre housing. 


3. Disconnect the |.P.T.O. lubrication line 
from the fitting located on the inside of the 


left-hand wall of the centre housing, Figure 
5. For TW-35: 


Remove the four bolts securing the rear 
|.P.T.O. shaft bearing retainer. Withdraw 
the retainer, bearing, gears and shaft, 
Figure 7. Support the |.P.T.O. clutch and 
valve assembly while removing the shaft. 


4. Disconnect the |.P.T.O. high pressure oil 
supply line from the |.P.T.O. control valve. 


5. Remove the |.P.T.Q. control linkage shift Rotate and slide the clutch and valve 
fork shoulder bolt, Figure 6. Remove the assembly forward past the hydraulic pump 
over-centre spring, locating pin and stop - gear and remove from the centre housing, 
pin. Figure 5. 


Figure 7 


|.P.T.O. Upper Shaft and Drive Gear Removal 
(TW-35) 


1. Bearing Retainer 

2. Gasket 

3. Drive Gear 

4. |.P.T.O. Upper Shaft 


DISASSEMBLY 


1. Remove the brake pad securing bolts, 
brake pads, spacers and spring, Figure 8. 


2. Remove the clutch pack from the support 
and bearing assembly. 


3. Remove the clutch brake disc. 


4. Unbolt and remove the valve assembly 
from the support and bearing assembly. 


5. Use compressed air to eject the brake 
piston from the housing, Figure 9. Remove 
the “‘O” ring seal. 
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Figure 8 


|.P.T.O. Clutch, Brake and Valve Assembly 
. Brake Disc 
. Spacers 


Support and Bearing 
Valve Attaching Bolts 
Brake Pads 

Valve Assembly 


. Brake Pad Bolts 


1.P.T.O. Clutch Pack 
Spring 


Figure 9 


I.P.T.O. Brake and Clutch Assembly Components 
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. Support and Bearing Assembly 
. Brake Piston 


Spacers 
Brake Pads 
Spring 


. Brake Pad Securing Bolts 
. Clutch Pack 
. Brake Disc 
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6. Remove the clutch plate retaining ring, 
pressure plate, clutch plates and 
feathering spring (where fitted) from the 
clutch housing, Figures 10 and 11. 


NOTE: The TW-5, TW-715and TW-25 Tractors 
have five internally splined friction drive plates, 
nine externally splined steel driven plates and a 
feathering spring. The TW-35 Tractor has four 
internally splined friction drive plates and four 
externally grooved steel driven plates secured 
with four retaining pins spaced 90° apart. 
There is no feathering spring. 


7. Use Compressor, Tool No. FT.4101 or 1312 
and Puller, Tool No. 1003 or 9516 or a press 
to compress the clutch piston return spring 
and remove the retaining ring, Figure 12. 


8. Remove the spring retainer and piston 
return spring from the clutch housing. 


9. Use compressed air, applied to the port 
betwen the front and centre sealing ring 
grooves, to expel the clutch piston from 
the clutch housing. Remove the ‘’O” ring 
and seal from the piston. 


INSPECTION AND REPAIR 


1. Clean all parts in a suitable solvent and dry 
thoroughly with a clean, lint-free cloth or 
compressed air. 


2. Inspect the clutch housing sealing rings for 
damage, distortion or cracks. The sealing 
rings should have uniform thickness. 
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3. Examine the clutch housing externally for 
cracks or damage and internally for wear or 
piston scuffing. 


4. Inspect the clutch piston for scoring or 
burrs and install a new “‘O” ring and seal. 


5. Check the clutch plates for excessive wear, 
distortion or scoring. 


6. Inspect the clutch hub splines and gear for 
wear or damage. 


7. Examine the brake piston and housing bore 
for burrs or scoring. Install a new “’O” ring 
seal on the brake piston. 


8. Check the brake pads and disc for 
excessive wear, scoring or distortion. 


9. Inspect the clutch hub splines and gear 
teeth for damage or wear. 


If damage or serious wear is evident on any 
component, install a replacement on re- 
assembly. 


RE-ASSEMBLY 


Re-assembly of the independent power take- 
off clutch and brake assembly follows the dis- 
assembly procedure in reverse. On _ re- 
assembly observe the following requirements: 


e For TW-35 models, ensure the clutch plate 
retaining ring ends are located around the 
stop pin in the housing. This prevents the 
ring from rotating. 


e For TW-35 units, ensure the clutch plate 
retaining ring is positioned to fully cover 
the four retaining pin grooves in the clutch 
housing. 


e Tighten all bolts to the correct torques, see 
Page 5, ‘Specifications’ — Chapter 2. 
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Figure 10 
|.P.T.0. Clutch Assembly (TW-5, TW-15 and TW-25) 
6. Retaining Ring 
7. Clutch Plate Retaining Ring 
8. Pressure Plate 
9. Internally Splined Drive Plate 


. Feathering Spring 

. Clutch Housing 

. Clutch Piston 

. Piston Return Spring 
. Spring Retainer 


oOPWON— 


INSTALLATION 


Installation of the independent power take-off 
clutch and brake assembly follows the removal 
procedure in reverse. 


NOTE: /t is possible to remove and install the 
I.P.T.0. clutch, brake and control valve 
assembly without removing the hydraulic lift 
cover. The assembly can be removed as 
previously detailed, however, installation is 
difficult because the valve spool and fork can- 
not easily be seen to facilitate alignment. 


11 


10. Externally Splined Drive Plate 


On _ installation observe the following 


requirements: 


e Ensure the clutch assembly is positioned 
fully rearwards on the |.P.T.O. upper rear 
shaft. 


e Carefully rotate the assembly until the 
control valve spool contacts the shift arm. 
Use a flashlight to see the parts. A long 
wire, mirror and manipulation of the 
shifting arm may be required to obtain 
alignment. 
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Figure 11 
|.P.T.0. Clutch Assembly (TW-35) 
1. Clutch Housing 4. Pressure Plate 
2. Retaining Pins (4) 5. Externally Grooved Driven Plate 
3. Clutch Plate Retaining Ring 6. Internally Splined Drive Plate 


e Tighten the locating pin to the correct 
torque, see Page 5, ‘Specifications’ — 
Chapter 2. Do not overtighten or internal 
damage may occur. 


e Check clutch and brake disc assembly can 
freely rotate. 


e Pressure test the |I.P.T.O. clutch, see 
Section C, Chapter 3, ‘““TRANSMISSION 
SYSTEMS” — Part 5. 


e Check the clutch-operates correctly, that 


___ Figure 12 . the brake can stop the |.P.T.O. shaft with 

Compressing Clutch Piston Return Spring the engine running at 2200 rev/min and the 

,. atl Bese HO NO Melee wer Maha torque required to turn the shaft with the 

3. Retaining Ring engine stopped is within specification, see 
4. |.P.T.O. Clutch Housing Page 4, ‘Specifications’ — Chapter 2. 
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D. I.P.T.O. CONTROL VALVE — OVERHAUL 


REMOVAL 


Remove the |.P.T.O. clutch and control valve 
assembly as detailed on Page 8. 


DISASSEMBLY 
With reference to Figure 13. 


1. Working on a bench, withdraw the control 
valve spool, pressure regulating valve rod 
and spring from the valve body. 


2. Remove the circlip and extract the 
regulating valve guide, spring and 
regulating valve. If the valve guide ts tight 
in the bore, rap the valve body on a 
wooden surface to free the guide. 


NOTE: The regulating valve is only serviced as 
an assembly. 


INSPECTION AND REPAIR 


1. Clean all parts in a suitable solvent and dry 
thoroughly with a clean, lint-free cloth or 
compressed air. 


2. Inspect the control valve spool and 
housing for wear, burrs or scoring. Minor 
burrs or scratches may be removed with a 
fine abrasive material but parts must be 
washed and dried prior to re-assembly. 


3. Examine the regulating valve, guide, rod 
and springs for wear or damage. 


If damage or serious wear is evident on any 
component, install a replacement on re- 
assembly. 
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Figure 13 
|.P.T.O. Control Valve Assembly 


. Control Valve Spool 
Gasket 

. Valve Body 

. Regulating Valve Guide 
Retaining Spring 

Spring 

. Regulating Valve Assembly 
. Regulating Valve Rod 

. Valve Rod Spring 
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RE-ASSEMBLY 


Re-assembly of the 1.P.T.O. control valve 
follows the disassembly procedure in reverse. 
On re-assembly observe the _ following 
requirement: 


e Replace the gasket and install the four 
socket head screws to secure the valve to 
the I.P.T.O. support assembly. Tighten 
the screws to the correct torque, see Page 
5, ‘Specifications’ — Chapter 2. 
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E. I.P.T.0. SHAFTS AND GEARS — OVERHAUL 


Figure 14 Figure 16 
Transmission and Rear Axle Drain Plugs 1.P.T.O. Upper Shaft and Drive Gear Removal 

1. Transmission Drain Plug (TW-35) 

2. Rear Axle Drain Plug 1. Bearing Retainer 
2. Gasket 
3. Drive Gear 
4. 1.P.T.0. Upper Shaft 
REMOVAL 


1. Remove the drain plug from the centre 
housing rear sump cover plate, Figure 14. 
Drain the oil from the |.P.T.O. gear 
compartment. 


2. Remove the four bolts securing the upper 
shaft bearing retainer then remove the 
retainer, gasket, drive gears, bearings and 
shaft, Figure 15. 


NOTE: 7he 1000 rev/min I.P.T.O. final drive 
assembly for the TW-35 Tractor is shown in 


Figure 16. 
Figure 15 
|.P.T.O. Upper Shaft and Drive Gear Removal 
(TW-5, TW-15 and TW-25) 
1. Upper Shaft Retain the shims located between the drive 
. ee gear assembly and the ring on the upper 
4. Retainer shaft. The front bearing cup will remain in 
5. Drive Gear Assembly the housing. 
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Figure 17 Figure 18 
|.P.T.O. Output Shaft Installed Output Shaft Sleeve and Bearing Installed 
. Retaining Ring 1. Bearing 
. Sump Cover Plate 2. Sleeve 


. Output Shaft 
. Bearing Retainer 


WON 


3. Remove the !.P.T.O. output shaft cap and 
extract the retaining ring, Figure 17. 
Withdraw the output shaft. 


4. Remove the retaining bolts and extract the 
output shaft bearing retainer. 


5. Withdraw the bolts securing the sump 
cover plate to the centre housing, Figure 
18, then remove the plate and gasket. 


6. Hold the |.P.T.O. output shaft driven 
gear(s) in position and remove the output 
shaft sleeve, bearing and seal. 


7. Remove the driven gear(s) through the 
bottom of the centre housing, Figure 19. 
The TW-5, TW-15 and TW-25 I.P.T.O. 


3 é Figure 19 
shafts, gears and sleeve are shown in their 1.P.T.O. Output Gears 


relative positions in Figure 20. The TW-35 


1000 rev/min |.P.T.O. components are 2. Output Shaft Front Bearing 
shown in Figure 21. 3. 1000 rev/min Driven Gear 


1. 540 rev/min Driven Gear 
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Figure 20 
|.P.T.O. Shafts and Gears 
(TW-5, TW-15 and TW-25) 


. Front Bearing 
. Shoulder Ring 


Upper Shaft 

540 rev/min Driven Gear 
1000 rev/min Driven Gear 
Bearing 

Sleeve 

Output Shaft 


. Bearing Retainer 
. Drive Gears 


Figure 21 
|.P.T.0. Shafts and Gears (TW-35) 


. Drive Gear 
. Retaining Ring 
. Front Bearing 


Rear Bearing 
Driven Gear (1000 rev/min) 
Sleeve 


. Bearing 
. Bearing Retainer 
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Figure 22 
Output Shaft Sleeve and Bearing 


1. Bearing 
2. Retaining Ring 
3. Sleeve 


DISASSEMBLY 


1. Remove the output shaft sleeve oil seal 
located in the output shaft bearing retainer 
and the ‘‘O”’ ring seal from the sleeve. 


2. Release the output shaft rear bearing 
retaining ring and remove the bearing from 
the sleeve, Figure 22. 


3. Use Puller, Tool No. 943 or 9507 and Slide 
Hammer, Tool No. 943S or 9567 to remove 
the output shaft front needle bearing from 
the housing. 


4. Use Push/Puller, Tool No. 938 or 9506, 
Pulling Attachment, Tool No. 951 or 9190 S 
and Step Plate Adaptor, Tool No. 630S or . 
9210 to remove the drive gear front and - 
rear bearings, Figure 23. 
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Figure 23 Figure 24 
|.P.T.O. Drive Gear Bearing Removal |.P.T.O. Drive Gear Bearing Installation 
(TW-5, TW-15 and TW-25) 1. Adaptor, Tool No. 630S or 9210 

1. Push/Puller, Tool No. 938 or 9506 2. Drive Gear Assembly 

2. Pulling Attachment, Tool No. 951 or 9190 3. Bearing 

3. Drive Gear Assembly 

4. Front Bearing 

5. Adaptor, Tool No. 630S or 9210 

INSPECTION AND REPAIR lf damage or serious wear is evident on any 
component, install a replacement on re- 

1. Wash all parts in a suitable solvent and dry assembly. 


thoroughly with a clean, lint-free cloth or 
compressed air. 


2. Examine the |.P.T.O. upper shaft splines RE-ASSEMBLY 
for distortion. 


Re-assembly of the |.P.T.O. shafts and gears 
follows the disassembly procedure in reverse. 


3. Inspect the gears for cracks, chipped teeth 
or excessive wear. 


1. Locate the output shaft rear bearing on the 
sleeve and install the retaining ring, Figure 
22. 


4. Examine the bearings for wear or damage. 


2. Use a suitable Step Plate Adaptor, Tool 


5. Inspect the output shaft, sleeve, seal, rear . No. 630S or 9210, to install the drive gear 
bearing retainer, thrust washers and front and rear bearings onto the drive gear 
needle bearing for wear or damage. assembly, Figure 24. 
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Figure 25 
Output Shaft Seal Installation 
. Sleeve—3.75 in (95 mm) Outside Diameter 
. Seal 
. Retainer 


WN 


3. Use a suitable sleeve of 3.75 in (95 mm) 
outside diameter to install the seal in the 
output shaft rear bearing retainer, Figure 
25. Replace the ‘’O” ring seal in the output 
shaft sleeve. 


4. Use a suitable sleeve of 1.88 in (48 mm) 
outside diameter to install the output shaft 
front bearing, Figure 19. 


INSTALLATION 


Installation of the |.P.T.O. shafts and gears 
follows the removal procedure in reverse. On 
installation observe the following 
requirements: 


e On assembly a thrust washer must be 
installed between the two driven gears, 
between the 1000 rev/min gear and the 
sleeve and between the 540 rev/min gear 
and the front bearing. 
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e The following procedure is recommended 
for installing the driven gears: 


(i) Insert the 1000 rev/min driven gear 
through the opening in the bottom of 
the housing and hold rearwards. 
Support the gear and insert the 540 
rev/min driven gear to engage with 
the spigot on the front of the 1000 
rev/min gear. 


(ii) Push both gears forward, as an 
assembly, to engage the 540 rev/min 
spigot with the recess in the front 
bearing housing location. Support 
the gears. 


(iii) Install the gear bearing and sleeve. 


e Tighten all bolts to the correct torques, see 
Page 5, ‘Specifications’ — Chapter 2. 


SHIMMING PROCEDURE — UPPER 
1.P.T.O. SHAFT 


NOTE: Shims are installed between the front 
of the drive gear assembly and the shoulder 
ring to limit end-play of the upper |.P.T.O. 
shaft to 0.001—0.029 in (0.03—0.74 mm). If 
the shaft bearings, gears, clutch assembly or 
clutch hub are replaced, the upper shaft end- 
play must be checked and, if necessary, 
adjusted as follows: 


Hydraulic Lift Cover Removed 


1. Ensure the bearing retainer to centre 
housing bolts are tightened to the correct 
torque, see Page 5, ‘Specifications’ — 
Chapter 2. 


2. Push the shaft forward until the shoulder 
ring on the front of the shaft is against the 
hub of the |.P.T.O. clutch housing. 


3. Use a feeler gauge to measure the gap 
between the front of the drive gear and the 
shoulder ring, Figure 20, or between the 
ring and the shims. The gap should be 
0.001—0.029 in (0.03—0.74 mm). 


4. If shims must be added or removed to 
obtain the specified gap, remove the upper 
shaft and gears. Install the correct amount 
of shims onto the |.P.T.O. shaft. 


5. Re-install the shimmed shaft and gears. 
Retighten the retainer bolts to the specified 
torque. 


Hydraulic Lift Cover Installed 


1. Remove the bearing retainer and gears. 
Remove the gasket. 


2. Install a spacer or washer of approximately 
0.12 in (3 mm) thickness onto the shaft 
between the shoulder ring and the front 
face of the drive gear. 


3. Re-install the bearing retainer and gears in 
the tractor. Pilot the retainer in position 
with long bolts until the bearing starts in 
the bore. Gradually and evenly finger 
tighten the bolts until the assembly 
bottoms on the washer. 
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4. Measure the gap between the retainer 
casting and the centre housing. (Measure 
at _—s several points around the 
circumference). 


5. Subtract the combined thickness of the 
washer, say 0.125 in (3.2 mm), and paper 
gasket 0.015 in (0.38 mm), from the 
measured gap width. Select shims to 
ensure a resultant gap of 0.001—0.029 in 
(0.03—0.74 mm). 


EXAMPLE: 


Gap between 
retainer and centre 


housing 0.050 in 
(1.27 mm) 
Subtract combined 
thickness of 
washer, 0.125 in 
(3.18 mm) and 
gasket, 0.015 in 
(0.38 mm) -0.140 in 
(-3.56 mm) 
Resultant gap -0.090in -0.090in 
~ (-2.29mm) (-2.29mm) 
End play tolerance +0.001in to +0.029in 


(+0.03 mm) to (+0.74mm) 
Shimthickness ~ ©) 
required: -0.089in to -0.061in 


(-2.26 mm) to(-1.55mm) 


Therefore, the addition of 0.089 in (2.26 mm) 
thickness shims will produce an end-play of 
0.001 in (0.03 mm) or the addition of 0.061 in 
(1.55 mm) thickness shims will produce an 
end-play of 0.029 in (0.74 mm). Select suitable 
thickness of shims. 


6. Remove the bearing retainer and gears, 
withdraw the 0.125 in (3.18 mm) washer, 
add the selected thickness of shims then 
replace the gasket and re-install the 
components on the tractor. 


7. Tighten the retaining bolts to the correct 
torque, see Page 5, ‘Specifications’ — 
Chapter 2. 
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F. 1.P.T.0. CONTROL LEVER ADJUSTMENT 


Figure 26 
P.T.O. Lever Adjustment 
A. 4.00 in (102 mm) 
1. Control Console Slot 
2. Turnbuckle 
3. Lever in Off Position 


With the I.P.T.O. in the off position, adjust the 
turnbuckle so the P.T.O. handle is 4 in 
(102 mm) from the front of the slot in the 
hydraulic control console and is centred in the 
“OFF” position gate, Figure 25. 
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PART 6 
POWER TAKE-OFF 


Chapter 2 
TROUBLE SHOOTING, SPECIFICATIONS AND 
SPECIAL TOOLS 


Section 
A. TROUBLE SHOOTING 
B. SPECIFICATIONS 
C. SPECIAL TOOLS 


Page 


A. TROUBLE SHOOTING - 


GENERAL 


Essentially, trouble shooting involves locating 
a failure point. The failure can be mechanical or 
hydraulic and many factors can contribute to 
the cause of failure. Isolation of the particular 
cause or causes involves a_ systematic 
approach to determine which components are 
functioning properly. 


The most important factor to consider in 
power take-off trouble shooting Is verification 
of the problem by observing the system 
operation. Therefore, if possible, operate the 
power take-off and note the operating 
characteristics and failures. 


As a first step in the trouble shooting 
procedure, several preliminary checks should 
be made. These checks are essential in that 
once performed they need no longer be 
considered as a possible cause of the 
malfunction. 


e Check the oil in the transmission/rear axle 
centre housing is of the correct grade and 
quantity, see Page 4. Check the hydraulic 
oil filter has been changed and no other 
failure has occurred (e.g. Hydraulic 
System, Dual Power, etc.).: 


e Check for external oil leaks. 


e Adjust P.T.O. control lever linkage as 
detailed on Page 20, Chapter 1. 


e Perform the low pressure hydraulic system 
pressure tests as detailed in Chapter 3 of 
“TRANSMISSION SYSTEMS” — Part 5. 


Having performed the preliminary checks and 
failing to locate the probable cause of the 
malfunction, compare the — operating 
characteristics previously noted with the 
problems listed in the ‘Trouble Shooting Chart’ 
to determine possible cause and corrective 
action. 
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POWER TAKE-OFF TROUBLE SHOOTING CHART 


PROBLEM POSSIBLE CAUSES REMEDY 


1. P.T.O. system 
pressure too high 


2. P.T.O. system 
pressure too low 
(transmission oil 
pressure warning 
light illuminates) 


. Extremely cold oil in rear axle 


centre housing 


. Low pressure hydraulic 


system pressure control valve 
spool stuck closed or spring 
too stiff 


. Low pressure hydraulic 


Operating and/or lube oil 
system pressure control valve 
spool(s) stuck open or 
spring(s) broken or weak 


. Brake priority valve spool 


stuck closed or spring too stiff 
(TW-35 only) 


. Low pressure hydraulic 


system oil pump mounting 
bolts loose or rotors worn 


. Low pressure hydraulic 


system oil pump oil pick-up 
tube seal damaged 


. Hydraulic line leading to 


P.T.O. control valve leaking 
or damaged 


. Cut or broken O-rings on 


P.T.O. clutch piston 


. P.T.O. regulating valve, 


Figure 13, stuck open 


. Worn or broken P.T.O. seal 


rings and/or P.T.O. support 


. Leak in the differential lock 


system 


. Leak in the Dual Power 


system 


. Operate tractor to warm oil 


. Remove low pressure 


hydraulic system control 
valve assembly from the 
right-hand side of the 
transmission. Remove, 
clean and inspect the 
spring and valve spool 


. See ‘2’ preceding 


. See ‘2’ preceding 


. Separate tractor between 
transmission and centre 
housing. Check pump 
mounting bolts. Remove, 
disassemble and inspect 
pump. Check for worn 


rotors 


. Separate tractor between 


transmission and centre 
housing. Remove pick-up 
tube from transmission rear 
retainer. Check seal for 
damage 


. Separate tractor between 


transmission and centre 
housing. Check tube and 
connections 


. Remove and disassemble 


P.T.O. clutch. Check for 
damaged O-rings 


. Clean and inspect valve 


. Replace P.T.O. seal rings 


and/or support 


Check differential lock 
system pressure 


. Check the Dual Power 


system pressure 
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POWER TAKE-OFF TROUBLE SHOOTING CHART 


PROBLEM POSSIBLE CAUSES REMEDY 


3. P.T.O. will not 
start 


1. See possible causes listed 
with Problem 2 


1. P.T.O. system pressure too 
low 


Check, install, or adjust the 
P.T.O. linkage 


P.T.O. linkage disconnected 
or improperly adjusted 


Remove hydraulic lift cover 
assembly. Check for arm 
engagement 


P.T.O. actuating arm in 
centre housing disengaged 
from control valve spool 


Extremely cold oil in rear Operate tractor to warm oil 


axle centre housing 


4. P.T.O. starts, 
but stops under 
load 


See possible causes listed 
with Problem 2 


P.T.O. system pressure too 
low 


Remove and disassemble 
P.T.O. clutch. Check for 
worn or damaged plates 


P.T.O. clutch plates worn or 
damaged 


5. P.T.O. will not 
stop 


1.. Extremely cold oil in rear axle | 1. Operate tractor to warm oil 


Check, install or adjust the 
P.T.O. linkage 


P.T.Q. linkage disconnected 
or improperly adjusted 


Remove hydraulic lift cover 
assembly. Check for arm 
engagement 


P.T.Q. actuating arm in 
centre housing disengaged 
from control valve spool 


Remove and disassemble 
P.T.O. clutch. Check for 
warped or damaged plates 


P.T.O. clutch plates warped 
or damaged 


Remove the P.T.O. clutch 
disc brake parts. Check 
pads for wear 


P.T.O. clutch disc brake pads 
worn 


Remove P.T.O. clutch and 
brake parts. Remove piston 
from P.T.Q. support. 

Check O-ring 


Cut, broken or missing O-ring 
on P.T.Q. brake piston 
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B. SPECIFICATIONS 


P.T.O. SPEED 

Engine to P.T.O. Ratio: 

540 rev/min 

1000 rev/min 

Engine Speed for 540 rev/min P.T.O. Speed 
Engine Speed for 1000 rev/min P.T.O. Speed 
OUTPUT SHAFT SPLINES 

TW-5, TW-15 and TW-25: 

540 rev/min 

1000 rev/min 

TW-35: 

1000 rev/min 

1000 rev/min (American Standard) 

1.P.T.0. SHAFT END PLAY 

|.P.T.O. Upper Shaft End Play 


|.P.T.O. Output Shaft Turning Torque 
(Engine Stopped) 


PRESSURE TESTING 
Oil Temperature 
|.P.T.O. System Pressure 


@ 800— 1000 Engine rev/min 


@ 2200 Engine rev/min 


1.P.T.O.Lubrication Pressure 


@ 1000 Engine rev/min 


LUBRICANTS 


3.4687:1 
1.9184:1 
1837 rev/min 


1918 rev/min 


6 splines 


21 splines 


21 splines — 1.375 in (34.9 mm) diameter 


20 splines — 1.75 in (44.5 mm) diameter 


0.001 —0.029 in (0.03—0.74 mm) 


0.5 Ibf/ft (O—7 Nm) (O—0.7 Mkg) 


140 +6°F (60 +3°C) 


185—220 Ibf/in? (12.8—15.1 bar) 
(13—15.4 kgf/cm?) 


185 — 235 Ibf/in? (12.8— 16.2 bar) 
(13— 16.5 kgf/cm?) 


120— 130 Ibf/in? (8.3—9 bar) 
(8.4—9.1 kgf/cm?) 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 


Operator’s Manual. 
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TORQUE SPECIFICATIONS 


P.T.O. Upper Shaft Bearing Retainer Bolts 
P.T.O. Output Shaft Bearing Retainer Bolts 
P.T.O. Valve Locating Pin 

Rear Bottom Cover to Centre Housing 
Retaining Bolts 

Valve Body to Support Retaining Screws 


C. SPECIAL TOOLS 
(Prior Tool Numbers, where applicable, are shown in brackets) 


V.L. CHURCHILL NUDAY 
DESCRIPTION TOOL NO. TOOL NO. 
9210 (630S) 
9211 (630T) 
P.T.O. Clutch Spring Compressor 1312 (N775) 


Push/Puller | 938 = =——s—s—sdY:SCs 9506 (938) 
_ 9507 (943) 
9567 (943S) _ 


9190 (951) 


9516 (1003) 
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PART 7 
REAR AXLE AND BRAKES 


| Chapter 1 
SERVICING THE REAR AXLE ASSEMBLY AND BRAKES 
Section : Page 
A. DESCRIPTION AND OPERATION 1 
B AXLE SHAFT AND HOUSING — OVERHAUL 7 
C. PLANETARY GEAR ASSEMBLY — OVERHAUL 14 
D DIFFERENTIAL AND DIFFERENTIAL LOCK ASSEMBLY — 
OVERHAUL 14 
E. DRIVE PINION ASSEMBLY — OVERHAUL 19 
F. BRAKE DISC — OVERHAUL 21 
G. BRAKE HYDRAULIC SYSTEM AND COMPONENTS -— 
OVERHAUL 23 
H. TRANSMISSION HANDBRAKE ASSEMBLY 
OVERHAUL 26 
J. ADJUSTMENTS — «OT 
Chapter 2 


TROUBLE SHOOTING, PRESSURE TESTS, 
SPECIFICATIONS AND SPECIAL TOOLS 


Section Page 
A. TROUBLE SHOOTING 1 
B PRESSURE TESTS 5 
C SPECIFICATIONS 5 
D SPECIAL TOOLS 7 


(1) 


Chapter 3 _ 
POWER BRAKES 
FORD 8530, 8630, 8730 and 8830 


Section Page 
A. DESCRIPTION AND OPERATION 1 
B. POWER BRAKE VALVE — OVERHAUL 7 
C: SPECIFICATIONS 14 
Chapter 4 


TRANSMISSION HANDBRAKE ASSEMBLY 
TWO WHEEL DRIVE 8530,8630,8730 and 8830 
MODELS 


Section Page 


A. DESCRIPTION AND OPERATION 1 
B. OVERHAUL PROCEDURE 2 
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SERVICING THE REAR AXLE ASSEMBLY AND BRAKES 
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A. DESCRIPTION AND OPERATION 


The rear axle assembly attached to the rear of 
the front transmission connects the drive from 
the engine and gearbox to the rear wheels. 
Housed within the rear axle assembly are the 
following components: 


e Main Drive Pinion and Differential Ring 
Gear. 
e Differential. 


e Hydraulic Differential Lock Assembly. 


Final Reduction Gears. 
Axle Shafts. 

P.T.O. Components. 
Transmission Handbrake. 
Lower Link Torsion Bar. 


Pressure Lubrication Circuit. 
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Figure 1 


Rear Axle Assembly — 
Ford TW-5, TW-15 and TW-25 


Rear Axle Centre Housing 

Front Wheel Drive/Handbrake Drive Gear 
Drive Pinion 

Ring Gear 

Differential Lock Plates 
Right-Hand Differential Support 
Differential Lock Piston 
Differential Assembly 

P.T.O. Driven Gears | 

P.T.O. Output Shaft 

Left-Hand Differential Support 


~eOeLeonorreh> 
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With reference to Figure 1. 


The drive from the transmission output shaft is 
transmitted to the spiral bevel pinion by a drive 
shaft coupling. The pinion is located in the 
front of the rear axle centre housing by two 


12. Lower Link Torsion Bar Hanger 
13. Brake Bleed Screw 

14. Sun Gear 

15. Left-Hand Axle Housing 

16. Left-Hand Axle Shaft 

17. Axle Shaft Outer Bearing 
18. Axle Shaft Inner Bearing 

19. Planetary Gear Carrier 

20. Planet Gear 

21. Rear Wheel Brake Assembly 
22. Brake Piston 


pre-loaded, taper roller bearings and meshes 
with the differential ring gear. 


The ring gear is bolted to the differential case 
and cover assembly which is supported 
between taper roller bearings mounted in 
supports bolted to the centre housing. 
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Figure 2 
Differential Lock Assembly 


Cover 

. Internal Spline Plates 

Oil Inlet 

. Right-Hand Differential Support 
Piston 

. External Spline Plates 
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The differential case and cover enclose the 
differential pinion shafts, side gears, 
differential lock plates and the differential lock 
piston. The drive from the pinion is transmitted 
via the ring gear and differential case assembly 
to the differential pinion shafts which are 


7. Pinion Shaft 

8. Case 

9. Side Gear 

10. Left-Hand Differential Support 
11. Pinion 

12. Ring Gear 


pinned to the differential case. The differential 
pinion shafts pass through the differential case 
and each carries two pinion gears. All four 
pinion gears are in constant mesh with the two 
side gears. 
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An intermediate shaft is splined into each side 
gear and the rear disc brake assemblies are 
splined onto these shafts. 


The outer end of each intermediate shaft forms 
the sun gear of an epicyclic final reduction gear 
set mounted within each axle housing. 


The drive to the wheels is transmitted from the 
intermediate shafts to the outer axle shafts via 
the reduction gear set. 


The ends of the outer axle shafts are supported 
by a taper roller bearing mounted in each axle 
housing and the shafts are splined into the 
planetary gear carriers. 


Low pressure hydraulic oil is used to operate 
the power assisted brakes on the TW-35 model 
and the differential lock clutch for all models. 
Low pressure oil is also supplied to pressure 
lubricate the planetary reduction gears and the 
P.T.O. stub shaft. 


For the low pressure hydraulic circuit, see 
Chapter 3, ‘LOW PRESSURE HYDRAULIC 
SYSTEM’ — PART 5. 


DIFFERENTIAL LOCK 
With reference to Figure 2. 


When a tractor with a conventional differential 
assembly is working in soft soil and one wheel 
starts to slip, all the drive is transmitted to that 
wheel and traction ceases. 


To overcome this condition an hydraulically 
operated differential locking device is installed 
on all Ford Series TW Tractors. 


The differential lock can be engaged to 
connect the right-hand side gear to the 
differential case assembly. This action locks 
the differential assembly together and provides 
a direct drive to both wheels. 


The differential lock assembly comprises three 
plates internally splined to the right-hand side 
gear, three plates with external lugs which 
engage in the differential case and a piston 
located within the differential cover. 


When the differential lock pedal is depressed, 
pressurised oil is directed to the differential 
lock piston. The piston moves outwards to 
compress the plates thereby locking the casing 
to the right-hand side gear. The differential 
now turns as a solid unit. For the TW-5, TW-15 
and TW-25 models, the differential lock will 
disengage when the pedal is released. For the 
TW-35 model, the differential lock will only 
disengage when either one or both brakes are 
applied. 


REAR BRAKE ASSEMBLIES 


Wet disc type rear brake assemblies are located 
within each axle housing. Each assembly 
consists of a piston located in a cylinder 
machined into the centre housing and brake 
discs located in the axle housing inboard of the 
reduction gears. 
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Figure 3 
Transmission Handbrake Assembly 


. Roll Pin 

. Main Drive Pinion 

. Brake Plates 

Handbrake Shaft Rear Bearing 
. Magnetic Drain Plug 

. Actuator Assembly 

Screw 

. Brake Retaining Disc 

. Handbrake Driven Gear and Shaft Assembly 
. Handbrake Housing 

Seal 
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For TW-5, TW-15 and TW-25 models, one 
brake plate is located outboard of an internally 
splined brake disc and the system is of the 
hydrostatic (closed) circuit type. For TW-35 
models, two brake plates are located either 
side of two internally splined brake discs and 
the system is power operated from the 
hydraulic gerotor pump located at the rear of 
the gearbox. 


12. Cap Bolt 

13. Shim Washer 

14. Handbrake Shaft Front Bearing 
15. Brake Housing Cap 

16. Rear Axle Centre Housing 
17. Spacers 

18. Double Intermediate Gear 
19. Retaining Ring 

20. Handbrake Drive Gear 

21. Key 

22. Bearing Assembly 


The brake disc(s) is/are splined to the sun gear 
whilst the brake plates are located and 
prevented from rotating by three hollow 
retaining pins which allow lubrication oil flow 
to the reduction gears. When the brake 
pedal(s) is/are depressed, pressurised oil is 
applied to the piston which progressively locks 
the revolving disc(s) between the brake plates 
to effect a braking action of the rear axle 
assembly. 
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FINAL REDUCTION GEAR ASSEMBLY 
(Planetary Gear Assembly) 


To increase the torque transmitted to the rear 
wheels, an epicyclic reduction gear assembly is 
located within each of the rear axle housings. 
The outer end of each intermediate shaft acts 
as the planetary sun gear around which are 
located three planet gears for the TW-5, 
TW-15 and TW-25 models and four planet 
gears for the TW-35 model. The planet gears 
are mounted within a carrier which is splined to 
the rear axle shaft. 


The planet gears mesh with a ring gear which is 
mounted within the axle housing. 


As the intermediate shaft sun gear revolves, 
the planet gears are forced to rotate and roll 
around the inside of the fixed ring gear. This 
action causes the planet gear carrier to rotate 
at a reduced speed and transmit increased 
torque to the rear axle and wheels. 


TRANSMISSION HANDBRAKE 
With reference to Figure 3. 


A wet disc, transfer type transmission 
handbrake is available as an option for all Ford 
TW-15, TW-25 and TW-35 Tractors with or 
less front wheel drive. 


For tractors with front wheel drive, see 
Chapter 2, ‘FRONT WHEEL _ DRIVE, 
TRANSFER BOX’ of Part 10 — ‘FRONT 
AXLE’. 


The operating lever is located on the left hand 
side of the tractor at the side of the operator’s 
seat. The brake transfer housing is bolted to 
the underside of the rear axle centre housing 
and an actuating cable connects the operating 
lever to a brake lever mounted on the side of 
the transfer housing. 


A spur gear is keyed onto the main drive pinion 
shaft to drive, via a double intermediate gear, a 
driven gear which forms an integral part of the 
handbrake shaft. The rear end of the 
handbrake shaft is splined to accept two sets 
of three brake discs which sandwich an 
actuator assembly. 


Within each set, the three brake discs are 
separated by two brake plates which are 
located and prevented from rotating by a 
retaining pin. 


The actuator assembly consists of two plates 
with ramped pockets into which are located 
steel balls. The plates are held together by two 
springs. 


When the operating lever is lifted to the ‘On’ 
position the actuator discs rotate relative to 
one another. This action causes the steel balls 
to ride up the ramped pockets and force the 
actuator plates apart. As the actuator plates 
move apart, the brake discs are forced against 
the brake housing and retaining disc and 
compress the pinned brake plates to effect a 
braking action on the brake shaft to lock the 
transmission main drive pinion. 


A WARNING: The transmission hand- 

brake is a parking brake and should only 
be used to stop a moving tractor in an 
emergency. After such an event, all trans- 
mission and handbrake components should be 
inspected for damage. 
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B. AXLE SHAFT AND HOUSING — OVERHAUL 


Figure 4 
Rear Wheel Removal 


1. Wedge Retaining Bolts 
2. Blanking Bolts 


REMOVAL 


1. Drain the oil from the rear axle centre 
housing. Be prepared to drain approxi- 
mately 17 Imp. gallons (20 U.S. gallons) 
(76 litres). 


2. Raise the rear of the tractor with a jack and 
support the assembly on heavy duty axle 
stands located under the centre housing 
and end axle housing. 


3. Turn the wheel assembly so the wedge 
retaining bolts are beneath the axle, Figure 
4. 


4. Remove the two blanking bolts and the 
two outer adjustable wedge retaining 
bolts. Loosen the third (centre) adjustable 


wedge retaining bolt approximately 2 in (50 


mm). 


Figure 5 

Adjustable Wedge Special Tool 
3.5 in (88.9 mm) TW-5, TW-15 & TW-25 
3.75 in (95.3 mm) TW-35 
Half of Internal Diameter 
0.5 in (12.7 mm) 
15 in (381 mm) 
0.5 in (12.7 mm) 
5 in (127 mm) 
Weld 360° 
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5. Install the two adjustable wedge retaining 
bolts in the blanking bolt holes and tighten 
alternately in 50 Ibf/ft (68 Nm) (6.9 Mkg) 
increments until the wedge loosens. 


IMPORTANT: Do not apply a torque in 
excess of 300 Ibf/ft (400 Nm) (40 Mkg) on the 
retaining bolts. Soak the wedge with pene- 
trating oil to help loosen the wedge. DO NOT 
hit the three retaining bolts as this may damage 
the wedge. Loosen the three bolts retaining 
the upper wedge on the inside of the wheel 
disc to help free the lower wedge. If the wedge 
will not loosen, fabricate a tool to slide over the 
axle and abut the wedge. Strike the too/ to 
loosen the wedge. Two sizes of tool are 
required, one for the TW-5, TW-15and TW-25 
models and one for the TW-35. Dimensions for 
the manufacture of these tools are shown in 
Figure 5. The tool should be manufactured 
from steel plate 5 x 5x 0.5in (127 x 127x 12.7 
mm) and seamless steel tube 0.25 in (6.3 mm) 
wall thickness. 
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Figure 6 
Rear Wheel Removal 


6. Remove the wheel from the tractor, Figure 
6. Use a suitable chain and hoist to support 
the axle assembly as shown in Figure 7. 


Remove the axle housing to centre 
housing attaching bolts. 


| Figure 7 
Removing Axle Housing from Centre Housing 


1. Chain and Hoist 
2. Axle Housing 
3. Centre Housing 


Figure 8 
Rear Axle Disassembly (TW-35) 


Planetary Carrier Assembly 
. Oil Drain 

Outer Disc 

Inner Disc 

Brake Piston 

Locating Pins 

Brake Discs 
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NOTE: When the axle housing is separated 
from the centre housing the brake discs may 
fall from position and must be removed as the 
axle housing is separated, Figure 8. 


7. Pull the axle housing from the tractor. 
Remove the sun gear, brake discs and 
locating pins. 


DISASSEMBLY 


1. Remove the axle retaining bolt lock, 
retaining bolt and washer, Figure 9. 
Withdraw the planetary carrier assembly 
from the axle housing. 


2. Remove the three locating pins and the 
planetary ring gear. 


3. Drill a hole in the axle oil seal and prise or 
force out the seal. 


NOTE: A too/ may be fabricated by welding a 
self-tapping screw onto a nut attached to a 
Slide Hammer, Tool No. 943S or 9567, as 
shown in Figure 10. Insert the screw in the hole 
then extract and discard the seal. 
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Figure 9 

Rear Axle Disassembly 
Retaining Washer 
Bolt Lock 
Oil Drain 
Retaining Bolt 
Planetary Carrier 
Planetary Ring Gear 


Drive the axle shaft through the inner 


bearing and out of the housing. 


INSPECTION AND REPAIR 


Clean and inspect the axle shaft, axle 
housing, axle shaft inner and outer bearing 
cups and the axle shaft seal ring. If damage 
or abnormal wear is evident on any 
component, install a new part as detailed in 
the following steps. 


Use Pulling Attachment, Tool No. 952 or 
9526, and a press to remove the axle shaft 
outer bearing, Figure 11. 


If the axle shaft seal ring is damaged or 
worn, remove and install in the same 
manner as the outer bearing. On installa- 
tion of the seal ring, apply a proprietary 
brand of sealant to the inside diameter to 
prevent rear axle lubricant leakage 
between the ring and the axle shaft when 
re-assembled. 


1 


Figure 10 
Rear Axle Oil Seal Removal 
. Axle 


2. Seal 
3. Fabricated Puller 
4. Slide Hammer, Tool No. 943S or 9567 


1 
2 
3 
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Figure 11 
Rear Axle Outer Bearing Removal 


. Press 

. Pulling Attachment, Tool No. 952 or 9526 
. Bearing 

. Axle Shaft 
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Figure 12 
Rear Axle Outer Bearing Installation 


Press 
Pulling Attachment, Tool No. 952 or 9526 
Bearing 


. Axle Shaft 


Use Pulling Attachment, Tool No. 952 or 
9526, and a press to install the outer 
bearing, Figure 12. 


Use Pulling Attachment, Tool No. 943 or 
9507, and Slide Hammer, Tool No. 9435S or 
9567, to remove the inner bearing cup, 
Figure 13. Remove the outer bearing cup in 
the same manner. 


Use a suitable sleeve of 5.12 in (130 mm) 
Outside diameter to install the outer 
bearing cup, Figure 14. Install the inner 
bearing cup in the same manner. 


Inspect the brake discs as detailed in 
Section E of this Chapter. 


RE-ASSEMBLY 


1. 


Install the three locating pins and the 
planetary ring gear in the axle housing, 
Figure 15. Fully seat the ring gear in the 
bore. 
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Figure 13 
Rear Axle Inner Bearing Cup Removal 
. Slide Hammer, Tool No. 943S or 9567 
. Pulling Attachment, Tool No. 943 or 9507 
. Bearing Cup 


Install the axle shaft in the housing and 
position the inner bearing on the shaft. 


Align the planet gear teeth with the ring 
gear teeth and the splines of the axle shaft 
with the internal splines of the planetary 
carrier then install the planetary carrier 
assembly in the housing, Figure 9. 


(i) Adjust the axle shaft bearing pre- 
load, see ‘Adjustments’ — Section J 
of this Chapter. 


(ii) Adjust the differential bearing pre- 
load and pinion backlash if any of the 
following components have been 
replaced with new parts: 


e Rear axle centre housing. 
e Rear axle housing. 
For adjustment 


‘Adjustments’ — 
Chapter. 


procedures, see 
Section J of this 
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Figure 14 Figure 15 
Rear Axle Outer Bearing Cup Installation Planetary Ring Gear and Pins 
1. Sleeve — 5.12 in (130 mm) Outside Diameter 1. Ring Gear 
2. Axle Housing 2. Locating Pins 


5. Apply a proprietary brand of sealanttothe § 4, Position the wheel assembly on the axle 
outer diameter of the axle shaft oil seal and with the loose wedge positioned beneath 
use a suitable sleeve of 5.12 in (130 mm) the axle shaft. 
outside diameter to install the seal, Figure 
16. Seat the seal flush with the end of the 
axle housing. 


INSTALLATION 


1. Remove the three locating pins from the 
axle housing, Figure 15, and install them in 
the centre housing. Ensure the hollow pin 
is installed at top location for proper 
lubrication. Position the inner disc, brake 
disc assembly and outer disc on the 
locating pins and the sun gear. 


2. Locate the gasket on the dowel pins then 
position the rear axle housing on the centre 
housing and align the sun gear teeth with ay 
the planet gear teeth and the pins with their (3) 

holes. (Position the axle shaft with the flat ie 
up to facilitate wheel installation). 


; ; Figure 16 
3. Install the axle housing-to-centre housing Axle Shaft Oil Seal Installation 
bolts and tighten to the correct torque, see 1. Seal 
Page 6, ‘Specifications’ — Chapter 2. 2. Sleeve — 5.12 in (130 mm) Outside Diameter 
Remove the hoist. 3. Axle Shaft 
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Remove the two adjustable wedge 
retaining bolts from the blanking bolt holes 
and re-install in the original outer holes. 


Tighten the three wedge retaining bolts 
alternately in 50 Ibf/ft (68 Nm) (6.9 Mkg) 
increments until the correct final torque is 
obtained, see Page 6, ‘Specifications’ — 
Chapter 2. 


Install the two blanking bolts and securely 
tighten. 


8. 


10. 


Check and, if necessary, tighten the three 
bolts retaining the upper wedge on the 
inside of the wheel disc. 


Fill the rear axle centre housing with the 
correct grade and quantity of oil, see Page 
6, ‘Specifications’ — Chapter 2. 


Check the retaining bolt torques after 
travelling 200 yards (200 m) and before 
operating the tractor under load 
conditions. Re-check the retaining bolt 
torques after one hour of operation and 
again after eight hours. Check the bolts 
frequently thereafter. 


C. PLANETARY GEAR ASSEMBLY — OVERHAUL 


Figure 17 


Planetary Carrier Assembly 
(TW-5, TW-15 & TW-25) 


. Retainer 


Lock Wire 


. Splines 
. Planet Gear 
. Carrier 


12 


REMOVAL 


1. 


Remove the rear axle housing as detailed in 
Section A of this Chapter. 


Remove the axle retaining bolt lock, 
retaining bolt and washer, Figure 9. 
Remove the planetary carrier assembly 
from the axle housing. 


DISASSEMBLY 


1. 


Cut and pull the lock wire from behind the 
retainer, Figure 17. Remove and discard all 
pieces of wire. 


Force the retainer ends together and drive 
the three pins towards the splined side of 
the carrier then remove the gears and 
thrust washer as shown in Figure 18. 
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Figure 18 

Planetary Carrier Disassembled 
Planet Gear Pin 
Retainer Groove 
Retainer 
Thrust Washer 
Planet Gear 
Needle Bearings (54) 
Carrier 


Remove the 54 needle bearings and spacer 
from each gear. 


NOTE: The 4-pinion planetary assembly 
for the TW-35 model is disassembled in a 
similar manner, Figure 19. 


INSPECTION AND REPAIR 


Clean and inspect the gears, pins, needle 
bearings, thrust washers, spacers and 
carrier. 


If damage or abnormal wear is evident, 
install a new part on re-assembly. 


RE-ASSEMBLY 


Ly 


Use grease to position the 54 needle 
bearings and spacer in each gear. 


Install each gear and thrust washer in the 
carrier and position the pins with the 
grooves towards the retainer, Figure 18. 
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Figure 19 
Planetary Carrier (TW-35) 
Retainer 
Lock Wire 
Splined Hub 
Planet Gear Pin 
Planetary Gear 
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3. Seat the retainer in the groove in each pin. 


4. Install a new wire behind the retainer and 
wrap the ends of the wire around the ends 
of the retainer to lock in position, Figure 17. 


INSTALLATION 


1. Align the planet gear teeth with the ring 
gear teeth and the splines of the axle shaft 
with the internal splines of the planetary 
carrier then install the planetary carrier 
assembly in the housing, Figure 9. 


2. Install the retaining washer, spacer and 


bolt. Tighten the bolt to the correct torque, 
see Page 6, ‘Specifications’ — Chapter 2. 
Position the lock over the bolt head. 
Ensure the lock plate does not fall out of 
position during assembly of axle to centre 
housing. 


3. Install the axle housing as detailed in 


Section A of this Chapter. 
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Figure 20 Figure 22 
Differential Removal Differential Assembly Removal 
1. Differential and Pinion Lubrication Tube 1. Rope 
2. Differential Lock Hydraulic Tube 2. Centre Housing 
3. P.T.O. Oil Tube 3. Differential Assembly 
4. Rear Axle Oil Tubes 4. Hoist 


5. P.T.O. Valve Shift Fork | 
REMOVAL nat 


1. Separate the tractor between the front 
transmission and rear axle assembly as 
detailed in “SEPARATING - THE 
TRACTOR” — Part 12. 


2. Remove both rear axle housings as 
detailed in Section B of this Chapter. 


3. Remove the four bolts securing the P.T.O. 
upper shaft bearing retainer to the centre 
housing then remove the bearing retainer, 
P.T.O. drive gears and upper shaft. 


4. Remove the rear axle and P.T.O. 
lubrication tubes and fittings, Figure 20. 


5. Disconnect the differential lock hydraulic 
tube from the fitting on the differential 
support. 


6. Remove the differential and _ pinion 


Figure 21 lubrication tube. 
Differential Support Installed 
1. Shims . . 
2. Left Hand Support 7. Tie a rope or sling around the differential / 
3. Hoist assembly and with a suitable hoist take up 
4, Right Hand Support the slack, Figure 21. 
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Figure 23 Figure 24 


Differential Assembly Removed Differential Cover Separated from Case 
1. Housing Cover 1. Case 
2. Ring Gear 2. Right Hand Side Gear 
3. Differential Case 3. External Spline Differential Lock Plates 
4. Differential Lock Piston 
5. Cover 
6. Thrust Washer 


8. Remove the self-locking bolts securing the 
right and left-hand differential supports. 
Remove the supports and retain with their 
respective shims. 


9. Lift the differential assembly from the 
centre housing, Figure 22. 


DISASSEMBLY 


1. Remove the self-locking bolts from the 
housing cover, Figure 23. Separate the 
cover from the case. 


2. Remove the three external spline and three 
internal spline differential lock plates from 
the case, Figure 24. 


3. Remove the right-hand side gear and 
thrust washer from the case. 


Figure 25 
Removing Differential Lock Piston from Cover 


NOTE: The differential lock piston will 


remain in the cover and may be removed by 1. Oil Port 
introducing compressed air at the cover oil 2. Compressed Air Hose 
port, Figure 25. 3. Cover 
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Figure 26 


Differential and Differential Lock Disassembled 
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(TW-15, TW-25 and TW-35) 


. Left Hand Side Gear 
. Pinion Cage 


Pinion Gears 
Thrust Washer 
Bearing 


. Right Hand Side Gear 


Bearing 
Cover 


. Differential Lock Piston 

. Differential Lock Clutch Plates 
. Roll Pins 

. Ring Gear 

. Bearing 

. Case 

. Thrust Washer 
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Figure 27 
Removing Ring Gear from Differential Case 
. Press 
. Ring Gear. 
. Anvil 
Case 
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Figure 28 
Left Hand Differential Bearing Removal 


. Puller Tool No. 938 or 9506 
. Pulling Attachment, Tool No. 952 or 9526 


Bearing 


. Shaft Protector, Tool No. 625A or 9212 


Drive out the roll pins securing the pinion 
shafts in the case then remove the pinion 
shafts, gears, thrust washers, side gears 
and thrust washers from the case, 
Figure 26. 


INSPECTION AND REPAIR 


Clean and inspect all parts for damage and 
excessive wear. If damage or abnormal 
wear is evident, install a new part on re- 
assembly. 


Use a press to remove the ring gear as 
shown in Figure 27. 


IMPORTANT: 7he ring gear and pinion 
are a matched pair. If the ring gear is to be 
replaced then the pinion must be replaced. 
Refer to Section E of this Chapter for 
pinion overhaul. 
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Figure 29 Figure 30 


Left Hand Differential Bearing Installation Differential Case Bushing Installation 
1. Press 1. Bushing 
2. Bearing 2. Differential Case 


3. Step Plate Adaptor, Tool No. 630T or 1257 


3. Use Puller, Tool No. 938 or 9506, Legs, 
Tool No. 930B or 9521, Pulling 
Attachment, Tool No. 952 or 9526 and a 
suitable Shaft Protector, Tool No. 625A or 
9212, to remove the left-hand differential 
bearing as shown in Figure 28. 


NOTE: /f the right-hand bearing must be 
replaced, cut the bearing cage to effect 
removal, 


4. Use Step Plate Adaptor, Tool No. 630T or 
1257, to install the differential bearings, 
Figure 29. 


5. Use a suitable sleeve of 3 in (75 mm) Goo Es ee fo 
cover bushings, Figure 30. NF ee ae NS, 


Figure 31 


6. Use a suitable sleeve of 4.38 in (111 mm Differential Bearing Cup Installation 
1. Sleeve — 4.38 in (111 mm) Outside Diameter 


outside diameter to install the bearing cups 2. Bearing Cup 
in the differential supports, Figure 31. 3. Differentiat Support 
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Figure 32 
Installing Ring Gear on Differential Case 
1. Press 
2. Bridge (Tool No. 938 or 9506) 
3. Wood Blocks 
4. Ring Gear 
5. Case 


RE-ASSEMBLY 


1. Align the holes in the differential case with 
the tapped holes in the ring gear then start 
the twelve self-locking bolts, Figure 32. 
Position the case and gear on wood blocks 
(to protect the gear teeth) and under a 
press, as shown. Use the bridge from 
Puller, Tool No. 938 or 9506, to press the 
ring gear onto the case. 


2. Position the left-hand thrust washer and 
side gear in the differential case, Figure 26. 


3. Assemble the three pinion shafts, four 
pinion gears and cage in the differential 
case. 


4. Align the pinion shaft roll pin holes and 
drive in the three roll pins flush with the 
differential case. 


5. Assemble the right-hand side gear and 
thrust washer in the case, Figure 24. 


6. Install the differential lock plates in the 
case. 


7. Position the differential lock piston in the 
cover as shown in Figure 24. 


8. Remove the twelve bolts from the case and 
connect the cover and case assembly. 
Install the bolts and tighten to the correct 
torque, see Page 6, ‘Specifications’ — 
Chapter 2. 


INSTALLATION 

Installation of the differential and differential 

lock follows the removal procedure in reverse. 

On _ installation observe’ the _ following 

requirements: 

1. Adjust the differential bearing pre-load and 
pinion backlash if any of the following 
components have been replaced by new 
parts: 

e Differential bearing assemblies and cups. 

e Differential case and cover assembly. 

e Differential ring gear and drive pinion. 

e Rear axle centre housing. 

e Drive pinion bearing assemblies. 

e Left or right-hand differential supports. 
For adjustment procedures, see 


‘Adjustments’ — Section J of this 
Chapter. 


2. Tighten all bolts to the correct torques, see 


Page 6, ‘Specifications’ — Chapter 2. 
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E. DRIVE PINION ASSEMBLY — OVERHAUL 


REMOVAL 


1. Separate the tractor between the front 
transmission and rear axle assembly as 
detailed in “SEPARATING THE 
TRACTOR” — Part 12. 


2. Remove the |.P.T.O. clutch as detailed in 
“POWER TAKE-OFF” — Part 6. 

3. Remove the differential assembly as 
detailed in Section D of this Chapter. 

4. Remove the drive shaft coupling from the 
pinion shaft, Figure 33. 

5. Remove the front locknut from the pinion 
shaft. 

6. Straighten the tabs on the lockwasher then 


remove the washer and rear locknut. 


TW-5, TW-15, TW-25 and TW-35 Models 
less Handbrake | 


Use a brass drift to drive the pinion 
rearwards through the bearing until 
free. Remove the pinion from the 
centre housing. 


(i) 


(ii) 


Remove the front bearing assembly 
from the centre housing. 


TW-15, TW-25 and TW-35 Models with 
Handbrake 


Remove the transmission handbrake 
assembly from the base of the rear 
axle centre housing, see ““TRANS- 
MISSION HANDBRAKE ASSEM- 
BLY’’ — Section H of this Chapter. 


(i) 


(ii) Use a brass drift to drive the pinion 
rearwards a maximum distance of 
1.25 in (30 mm) through the bearing 


until free. 


IMPORTANT: Driving the pinion rearwards 
for a distance in excess of 1.25 in (30 mm) may 
result in damage to the handbrake drive gear 
mounted on the pinion. 
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Figure 33 
Pinion Lock Nuts 


1. Bearing 

2. Pinion Shaft 

3. Inner and Outer Nuts 
4. Lock Tab 


(iii) Remove the front bearing assembly 


from the centre housing. 


(iv) Use a pair of pliers to extract the 
handbrake drive gear retaining ring 
from the front end of the pinion. 

(v) Wedge a piece of wood between the 


rear face of the handbrake drive gear 
teeth and the centre housing then use 
a brass drift to drive the pinion 
rearwards through the rear bearing. 


IMPORTANT: Be prepared to catch the hand- 
brake drive gear and key as they drop off the 
end of the shaft. 

(vi) Remove the pinion from the centre 
housing. 


7. Use a suitable puller to remove the rear 
bearing assembly from the pinion shaft. 


IMPORTANT: When removing the rear 
pinion bearing cup, be careful not to damage 
or misplace the spacers located behind the 
cup. These spacers or replacement spacers of 
the same total thickness must be installed 
behind the cup on re-assembly. 
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INSPECTION AND REPAIR 


1. Clean and inspect the pinion, bearing 
assemblies and bearing cups. If damage or 
abnormal wear is evident, install a new part 
on re-assembly. 


IMPORTANT: 7he ring gear and pinion are a 
matched pair. If the pinion is to be replaced 
then the ring gear must also be replaced. Refer 
to Section D for ring gear replacement. For 
differential bearing pre-load and _ pinion 
backlash adjustment procedures, see ‘Adjust- 
ments’ — Section J of this Chapter. 


RE-ASSEMBLY 


1. Use a suitable sleeve of 4.62 in (120 mm) 
outside diameter to install the front pinion 
bearing sleeve. Use a suitable sleeve of 7.5 
in (190 mm) outside diameter to install the 
rear pinion bearing sleeve. 


2. Install the same thickness of bearing 
spacers as removed behind the rear 
bearing cup, then use a suitable sleeve of 
6.3 in (160 mm) outside diameter to install 
the rear bearing cup. 


Figure 34 
Holding Pinion in Position 
1. Pinion Gear 


2. Hydraulic Jack 
3. Wood Blocks 


NOTE: /f the rear bearing cup spacers have 
been lost or damaged, or a dimension is 
stamped on the centre housing (see Figure 56), 
or a marked drive pinion is encountered (as 
shown in Figure 57), orwhen changing the ring 
gear and pinion or the centre housing, deter- 
mine the spacer thickness required to obtain 
the correct differential ring gear and pinion 
adjustment, see ‘Adjustments’ — Section J of 
this Chapter. 


Failure to observe the ring gear and pinion 
adjustment procedure may result in 
premature wear of the rear axle assembly. 


3. Use a suitable sleeve of 4 in (100 mm) 


outside diameter to install the pinion front 
bearing cup, Figure 33. 


INSTALLATION 


1. Position the pinion rear bearing assembly 
in the centre housing bulkhead then install 
the pinion from the rear through the 
bearing and two sleeves. 


2. Use an hydraulic jack and wood blocks to 
hold the pinion in position as shown in 
Figure 34. 


3. Use a suitable sleeve to drive the front 
bearing onto the pinion shaft. 


4. Install one locknut on the pinion shaft and 
finger tighten. Check the pinion bearing 
pre-load, see ‘Adjustments’ — Section J 
of this Chapter. 


5. When the bearing pre-load has been 
checked and found to be correct, install the 
lock washer and second locknut. 
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6. Whilst holding the first locknut, tighten the 8. Install the differential assembly as detailed 
second locknut securely and bend one of in Section D of this Chapter. 
the tabs on the lockwasher forward in the 
slot of one nut and rearwards in the slot of 9. Install the 1.P.T.O. clutch as detailed in 
the other. Recheck the bearing pre-load “POWER TAKE-OFF” — Part 6. 
and re-adjust, tf necessary. 
10. Reconnect the tractor front transmission 
7. Install the drive coupling on the pinion to rear axle assembly as detailed in ‘““SEPA- 
shaft. RATING THE TRACTOR” — Part 12. 


F. BRAKE DISC — OVERHAUL 


REMOVAL 2. Remove the brake discs, Figures 35 and 36. 


1. Drain the oil from the rear axle centre 
housing, jack-up and support the rear axle 
assembly and remove the rear axle 3. Use compressed air, if necessary, to re- 
housing(s) as detailed in Section B of this move the brake piston from the centre 
Chapter. housing, Figure 37. 


Figure 35 Figure 36 
Brake Components (TW-5, TW-15 and TW-25) Rear Axle Disassembly (TW-35) 
1. Dowel Pins 1. Planetary Carrier Assembly 
2. Planet Gear 2. Oil Drain 
3. Outer Disc 3. Outer Disc 
4. Sun Gear 4. Inner Disc 
5. Brake Disc 5. Brake Piston 
6. Locating Pins 6. Locating Pins 
7. Piston 7. Brake Discs 


21 


TTT PART 7—REAR AXLE AND BRAKES 


ad 


Figure 37 
Brake Piston Removed 


1. Piston 
2. Outer Seal 
3. Inner Seal 


INSPECTION AND REPAIR 


1. Clean the brake discs and piston with 
mineral spirits, denatured alcohol or 
kerosene (paraffin). 


IMPORTANT: Use of any other solvents or 
cleaning agents may cause premature wear, 
deterioration or flaking of the friction material. 


2. Place the two outer discs together and 
visually check for warpage. If warped, 
replace with new parts. 


Insert the brake discs, one at a time, 
between the flat outer discs. Use feeler 
gauges to measure the clearance on either 
side. If the clearance exceeds 0.01 in (0.25 
mm), replace the disc with a new part. 


If the brake disc is not warped, as checked 
in Step 3, place a straight edge over the 
disc and check to see that the splines are 
clear of the straight edge. Do this on both 
sides. If the splines are not clear of the 
straight edge on either side, replace the 
disc with a new part. 


Compare the inner and outer discs for 
warpage. Warp should not exceed 0.004 in 
(0.1 mm). 
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Figure 38 
Brake Piston Installed 
1. Brake Locating Pins 


2. Piston 

6. Inspect the piston for wear. Replace if 
necessary. 

7. Check the locating pins and notches in the 
outer discs for wear, Figure 38. If worn 
replace. 

8. Whenever the piston is removed from the 


centre housing, replace the inner and outer 
seals, Figure 37. 


INSTALLATION 


installation of the brake disc assembly follows 
the removal procedure in reverse. On installa- 
tion observe the following requirements: 


e Install a new gasket on the dowel pins. 


Tighten the axle housing-to-centre 
housing bolts to the correct torque, see 
Page 6, ‘Specifications’ — Chapter 2. 


Fill the rear axle centre housing with the 
correct grade and quantity of oil, see Page 
6, ‘Specifications’ — Chapter 2. 


i 
a / 
se 


[Eee es Ci PE | emcees 


G. BRAKE HYDRAULIC SYSTEM AND COMPONENT — OVERHAUL 


Figure 39 
Master Brake Cylinder 


1. Level Indicator Tube 

2. Master Cylinder Assembly 
3. Retaining Bolts 

4. Bolts 


TW-5, TW-15 AND TW-25 MASTER 


CYLINDER REMOVAL 


1. Remove the right-hand engine hood side 
panel and the side panel. 


2. Disconnect the two oil pressure lines at the 
master cylinder housing. Cap or plug the 
lines to prevent the entry of dirt into the 
system. 


3. Remove the two bolts securing the oil level 
indicator tube to the firewall, Figure 39. 


4. Remove the three bolts and lock washers 
securing the master cylinder assembly to 
the bracket then remove the assembly. 


MASTER CYLINDER DISASSEMBLY 


1. Remove the two retainer rings from the 
cylinder bores, Figure 40. 


2. Remove the pistons, seals and springs. 


3. Remove the reservoir cover. 
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Figure 40 
Master Cylinder Disassembled 


. Reservoir Cover 
. Cylinder Bore 


Spring 
Seal 


. Retaining Ring 


Piston 
Cap 


INSPECTION AND REPAIR 


Inspect all parts for damage or excessive 
wear. If damage or abnormal wear is 
evident, install a new part on re-assembly. 


Inspect the reservoir and cylinder housing 
for cracks or leaks. Install new parts, if 
necessary. 


Clean the master cylinder thoroughly 
before re-assembly. 


RE-ASSEMBLY 


Install the piston springs in their bores with 
the caps facing outwards then install the 
seals and pistons, Figure 40. Secure the 
pistons with the two retainer rings. 
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Figure 41 
Brake Valve and Differential Lock Valve 


. Brake Valve Assembly 

. Brake Tube to Left-Hand Brake 
Release Pins 

Rocker Arm Pin 

Brake Valve Oil Inlet Tube 

. Differential Lock Valve 

Valve Mounting Bolts 

. Valve Spool 

. Valve Outlet Port 

10. Valve Inlet Port 

11. Differential Lock Valve Adjusting Bolts 
12. Brake Tube to Right-Hand Brake 

13. Mounting Bolts 

14. Differential Lock Valve to Sump Tubes 
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TW-35 BRAKE VALVE REMOVAL 

With reference to Figure 41. 

1. Remove the oil tubes from the valve. These 
include the return-to-pump tubes, oil inlet 
tube, right and left-hand brake tubes. 

2. Remove the valve mounting bolts. 


3. Remove the rocker arm retaining pin. 


4. Remove the brake valve from the tractor. 
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BRAKE VALVE DISASSEMBLY 
With reference to Figure 42. 


1. Remove the check valve/mechanical valve 
assembly from the valve housing. This 
valve is serviced as an assembly. 


2. Remove the cap screws and the valve 
housing cap. Remove the retaining nut 
from the spool. 


3. Remove the rocker arm assembly by 
removing the retaining ring and pin. 


4. Remove the spool assembly. 


5. Use Spanner Socket, Tool No. FT 2011 or 
7445, to remove the directional valve 
retainers and plungers, Figure 43. 


NOTE: 7he valve retainer is secured with a 
thread locking compound. 


6. Use a small punch to force the directional 
valve needles and ‘O’ rings from the valve 
housing. 


INSPECTION AND REPAIR 


1. Inspect all parts for damage or excessive 
wear. If damage or abnormal wear is 
evident, install a new part on re-assembly. 


2. Inspect the valve housing for cracks. 

RE-ASSEMBLY 

With reference to Figure 42. 

1. Install the spool in the valve housing. 
Install the retaining ring, spacer, piston, 
sealer washer and washer. Install anew ‘O’ 


ring and cap. 


2. Insert the directional valves in the reverse 
order of their disassembly. 


3. Install the poppet ball in the spool recess 
and install the check/mechanical valve 
assembly. 


4. Use the pin to install the rocker arm 
assembly. 
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Figure 42 
Brake Valve Disassembled 


. Check/Mechanical Valve Assembly 
. Directional Valve Plunger 


Pin 
Rocker Arm Assembly 
Retainer 


. Directional Valve Needle and Seal 
. Valve Housing 
. Spool 


INSTALLATION 


With reference to Figure 41. 


ie 


Use the two attaching bolts to install the 
brake valve on the fire wall bracket. 


Install the rocker arm pins. 
Connect the oil tubes. 


Adjust the brakes. For adjustment proce- 
dure, see ‘Adjustments’ — Section J of 
this Chapter. 


Bleed the brakes as follows: 
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9. Spacer 

10. Seal Washer 
11. ‘O’-Ring 

12. Cap 

13. Washer 

14. Piston and Seal 
15. Retaining Ring 


Figure 43 
Directional Valve Retainer Removed 
1. Spool 
2. Valve Body 
3. Retainer 


4. Spanner Socket, Tool No. FT 2011 or 7445 


nes PART 7 REAR AXLE AND BRAKES —o——————EEEEEEEEEEee 


BLEEDING THE BRAKES 


1. 


Start the tractor engine and depress the 
left-hand brake pedal. Loosen the bleed 
screw on the centre housing at the top of 
the left-hand rear axle housing until all air is 
expelled from the system. Tighten the 
bleed screw whilst maintaining pedal 
pressure. 


Repeat the procedure for the right-hand 
brake. 


DIFFERENTIAL LOCK VALVE 


REMOVAL AND SERVICE 


With reference to Figure 41. 


1. 


Remove the oil tubes from the differential 
lock valve. 


2. Remove the clevis pin from the valve 


actuating spool lever. 


3. Remove the two mounting bolts. 


NOTE: 7he differential lock valve is serviced as 
an assembly. 


Installation of the valve is the removal 
procedure in reverse. 


Adjust the differential lock valve. For 
adjustment procedure, see ‘Adjustments’ 
— Section J of this Chapter. 


H. TRANSMISSION HANDBRAKE ASSEMBLY — OVERHAUL 


NOTE: For tractors with front wheel drive, see 


Chapter 2 — “FRONT WHEEL DRIVE 
TRANSFER BOX” of Part 10 — “FRONT 
AXLE”. 

REMOVAL 


With reference to Figure 44. 


1. 


Park the tractor on a hard level surface and 
block the wheels. 


Remove the rear  axle/transmission 
magnetic drain plug from the brake 
housing. Be prepared to drain aproxi- 
mately 17 Imp gallons (20 U.S. gallons) (76 
litres). 
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Disconnect the transmission handbrake 
actuating cable from the lever on the brake 
housing. 


Supporting the brake housing with a suit- 
able jack, remove the brake housing 
securing bolts and lower the brake housing 
from the rear axle centre housing. 


DISASSEMBLY 


With reference to Figure 44. 


1. 


Use a pin punch to push the roll pin fully 
into the double intermediate gear shaft. 
Push out the shaft and extract the roll pin. 
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Figure 44 
Transmission Handbrake Assembly 
1. Roll Pin 12. Cap Bolt 
2. Main Drive Pinion 13. Shim Washer 
3. Brake Plates 14. Handbrake Shaft Front Bearing 
4. Handbrake Shaft Rear Bearing 15. Brake Housing Cap 
5. Magnetic Drain Plug 16. Rear Axle Centre Housing 
6. Actuator Assembly 17. Spacers 
7. Screw 18. Double Intermediate Gear 
8. Brake Retaining Disc 19. Retaining Ring 
9. Handbrake Driven Gear and Shaft Assembly 20. Handbrake Drive Gear 
10. Handbrake Housing 21. Key 
11. Seal 22. Bearing Assembly 


2. Lift out the intermediate gear together with 4. Withdraw the bolts and carefully pull the 


the two plastic spacers and slide out the brake housing cap free from the handbrake 
two needle bearing assemblies located in housing. 
the gear. 


3. Stand the brake assembly upright on the 5. Carefully pull the handbrake driven gear 
rear end. and shaft assembly free from the housing. 
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INSPECTION AND REPAIR 


1. Wash all components in a suitable solvent 
and dry using compressed air. 


2. Inspect all components and bearings for 
wear or damage and replace as necessary. 
Use Slide Hammer, Tool No. 943S or 9567, 
and Pulling Attachment, Tool No. 943 or 
9507, to remove the front and/or rear 
bearing cups. The front and/or rear 
bearing assemblies can only be removed by 
pulling on the roller cages. Collect and 
retain the shim washer(s) located beneath 
the front bearing cup. 


Figure 45 
Brake Lever Assembly Installed 
1. Seal 
. erat SeenON 3. Separate the brake plates and spacers. 
4. Retaining Ring Inspect the plates for wear, scoring, 
distortion or damaged teeth. Worn or 
damaged plates must be replaced as a set. 
To separate the brake actuator the return 
springs must be removed and the two 
halves opened out to reveal the operating 
6. Remove the retaining ring and withdraw balls located in the ramped pockets. 
the splined brake lever and shaft assembly, Inspect the balls for damage and replace 
Figure 45. the actuator assembly, if necessary. 


7. Remove the shim washer(s), lever and 
spring from the brake housing, Figure 46. 
4. Inspect the gears for wear or damaged 
teeth and replace the intermediate gear 
8. Remove the torque pin circlip then spacers if worn or damaged. 
withdraw the socket headed screws and 
remove the brake retaining disc, Figure 44. 


NOTE: /t may be necessary to use a Puller, 5. Examine the handbrake driven gear and 
Tool No. 943 or 9507 and Slide Hammer, Tool shaft assembly splines for damage or wear 
No. 9438S or 9567 to free the disc from the . and replace, if necessary. 

alignment dowels. 


9. Carefully remove the brake plates and 6. Clean the brake housing and check for 
actuator assembly from the brake housing cracks or damage. 
and note order of removal. 


10. Pull the torque pin free from the brake 
housing. 7. Discard and replace all seals and ‘O’ rings. 
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Figure 46 
Brake Actuating Mechanism 


1. Spring 5. Actuator Assembly 

2. Brake Lever and Shaft Assembly 6. Torque Pin 

3. Link 7. Brake Retaining Disc Dowel 
4. Clevis Pin 8. Lever 


Position the spring and lever so that when 
the splined brake lever and shaft assembly 
is installed the lever assumes a relative 
position of 49° as shown in Figure 46. 


RE-ASSEMBLY 


1. Install the torque pin. 


4. Install the shim washer(s) and retaining 
ring to secure the brake lever and shaft 
assembly and ensure zero shaft end-play. 


2. Locate the Brake Disc Spline Aligner, Tool 
No. FT.3150 or 0562 in the spigot as shown 
in Figure 47. 


Carefully install the brake plates and 
actuator assembly, in the reverse order of 
removal, over the Spline Aligner. Install 
the lever to connect with the actuator link. 
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Install the brake retaining disc and tighten 
the socket headed screws to the correct 
torque, see Page 6, ‘Specifications’ — 
Chapter 2. Install the torque pin circlip. 


Figure 47 
Brake Assembly Installation 
. Brake Disc Spline Aligner, Tool No. FT.3150 
or 0562 
. Brake Plates 
. Actuator Assembly 
. Brake Retaining Disc 
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6. Position the Handbrake Actuator, Tool 
No. FT.3151 or 0563, and tighten the screw 
to fully apply the brake as shown in Figure 
48. 


7. Remove the Spline Aligner and install the 
handbrake driven gear and shaft assembly. 


IMPORTANT: /f the brake housing cap, 
bearings, driven gear and shaft assembly or 
handbrake housing have been changed, it will 
be necessary to perform the handbrake driven 
gear and shaft assembly bearing free-play 
check, see ‘Adjustments’ — Section J of this 
Chapter. 


8. Carefully install the brake housing cap with 
the front bearing and shim washer locating 
over the front of the handbrake driven gear 
and shaft assembly. Install and tighten the 
cap retaining bolts to the correct torque, 
see Page 6, ‘Specifications’ — Chapter 2. 
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Figure 48 
Handbrake Actuator Tool 
Brake Actuator, Tool No. FT.3151 or 0563 
Brake Lever and Shaft Assembly 
Link 
Lever 
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9. Locate the two needle roller bearing 
assemblies within the intermediate gear. 
Position the gear to mesh with the 
handbrake driven gear, locate the two 
plastic spacers then install the shaft and 
secure with the roll pin. 


INSTALLATION 


Installation of the transmission handbrake 
assembly follows the removal procedure in 
reverse. On installation observe the following 
requirements: 


e Tighten the brake housing to centre 
housing retaining bolts to the correct 
torque, see Page 6, ‘Specifications’ — 
Chapter 2. 


e Fill the rear axle/transmission with the 
correct grade and quantity of oil, see Page 
6, ‘Specifications’ — Chapter 2. 
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J. ADJUSTMENTS 


Figure 49 
Brake Pedal Free Play 


1. Rubber Stop 

2. Adjustment Rod 

3. Locknut 

4. 0.12 in (3.2 mm) Spacer 


BRAKE PEDAL FREE PLAY 
ADJUSTMENT TW-5, TW-15 and TW-25 


Whenever poor braking performance is en- 
countered or the brake master cylinder is over- 
hauled or rebuilt, the brake pedal free travel 
should be checked and, if necessary, adjusted. 
Free play for both pedals should be adjusted 
with the aid of a spacer 0.12 in (3.2 mm) thick, 
as shown in Figure 49. 


This adjustment is critical because if the adjust- 
ment rods are too long, the master cylinder 
primary piston seals will block the compen- 
sating port. As the brakes warm up, expanding 
fluid will cause the brakes to lock or drag. 


TO CHECK AND ADJUST BRAKE PEDAL 
FREE-PLAY 


1. Check and adjust each brake pedal indivi- 
dually. 


Insert the 0.12 in (3.2 mm) spacer between 
the pedal shank and rubber stop, as shown 
in Figure 49. 
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Figure 50 
Brake Setting Gauge 
1. Setting Gauge, Tool No. FT 2012 or 7446 
2. Rocker Arm 


3. Loosen the locknut then grasp the brake 
rod from underneath, as shown, and 
shake. If the rod will not move, turn the 
adjustment rod out until loose. 


4. Whilst shaking the rod, as shown, turn the 
adjustment rod in until all slack is 
eliminated. 

IMPORTANT: This procedure is _ critical. 

Shake the rod whilst turning it so that you can 

feel the clearance as it disappears. Do not 

adjust beyond zero clearance. 


5. Whilst holding the adjustment rod, tighten 
the locknut securely. 


6. Repeat this procedure for the other brake 
pedal. 


BRAKE PEDAL FREE PLAY 
ADJUSTMENT TW-35 


1. With the tractor engine off, depress both 
brake pedals and insert the Setting Gauge, 
Tool No. FT 2012 or 7446, between the 
rocker arm links and the power brake valve 
directional plungers, Figure 50. Release 
both pedals. 
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Figure 51 
Brake Pedal Adjustment 


1. Locknut 
2. Adjusting Nut 


2. Loosen the adjusting nuts and locknuts on 
both brake pedals, Figure 51. 


3. Tighten the adjusting nut on the right-hand 
brake pedal until the pedal just begins to 
move. Check the end of the gauge beneath 
the right-hand brake valve plunger (as 
viewed from the operator's seat) for 
freedom of movement. 


If the gauge can only be moved with a 
certain amount of effort then the adjust- 
ment is correct. If not, continue to tighten 
the adjusting screw until the gauge 
resistance to movement is correct. 


NOTE: Although effort will be required to 
move the gauge, the gauge must be able to be 
moved without depressing the pedal. 


4. When the adjustment is correct, tighten 
the locknut. 


5. Repeat Steps 3 and 4 for the left-hand 
pedal. 


Figure 52 
Differential Lock Valve Adjustment 


Differential Lock Release Pin 

0.05 in (1.3 mm) Clearance when Differential 
Lock Engaged ~ 

Differential Lock Valve 

Valve Adjusting Bolt 


= SS 


DIFFERENTIAL LOCK VALVE 
ADJUSTMENT 


With reference to Figure 52. 


1. With the differential lock engaged, adjust 
the bolt to allow 0.05 in (1.3 mm) between 
the bolt head and the release pins. 


NOTE: 7he release pins are designed to bend 
in the event the differential lock spool siezes or 
becomes inoperative. Ensure the correct pins 
are used if replacement is required. 


AXLE SHAFT BEARING PRE-LOAD 


_ ADJUSTMENT 
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1. Install the planetary carrier assembly in the 
rear axle housing as detailed in Section B of 
this Chapter. 


2. Install two of the thickest spacers (approxi- 
mately 0.04 in (1.02 mm)) and tighten the 
axle retaining bolt to the correct torque, 
see Page 6, ‘Specifications’ — Chapter 2. 
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3. Set a dial indicator gauge, as shown in 
Figure 53, with the indicator plunger on the 
head of the axle shaft bolt. Adjust the 
gauge to read zero. 


4. Lift the axle housing. As the housing is 
raised a reading will be obtained on the 
gauge which represents the free-play 
between the axle shaft and the housing. If 
no end-play is evident, remove the bolt and 
install additional spacers until some end- 
play is present. 


5. Subtract the dial indicator reading from the 
thickness of the shims installed. Then 
subtract and additional 0.006 in (0.15 mm). 
The resultant figure will determine the 
thickness of the spacers to be installed to 
provide correct bearing pre-load. 


EXAMPLE: 


Thickness of spacers 
installed 
Dial Indicator reading 


0.040 in (1.02 mm) 
—0.007 in (0.18 mm) 


Results 0.033 in (0.84 mm) 
Subtract 0.006 in (0.15 mm) 


0.027 in (0.69 mm) 
Remove the spacers totalling 0.04 in (1.02 
mm) and install spacers totalling as close as 
possible to 0.027 in (0.69 mm). 


6. Tighten the axle retaining bolt to the 
correct torque, see Page 6, ‘Specifica- 
tions’ — Chapter 2. The object is to have 
0.003—0.009 in (0.08—0.23 mm) pre-load 
when the bearings are seated and the bolt 
is tightened. 


DIFFERENTIAL BEARING PRE-LOAD 
CHECK AND ADJUSTMENT 


NOTE: The differential bearing pre-load check 
and adjustment should be made when 
installing the differential assembly into the rear 
axle centre housing and before installing either 
rear axle housing. The bearing pre-load must 
be within specification before performing the 
drive pinion backlash check and adjustment. 


Figure 53 
Checking Axle Shaft End-Play 


. Dial Indicator 

. Magnetic Base 

. Plunger 

. Axle Retaining Bolt 
. Axle Shaft 
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1. Install the left-hand differential support 
using the same shims that were removed or 
new shims of the same total thickness. 
Install the six self-locking bolts and tighten 
to a torque of 55 Ibf/ft (75 Nm) (7.6 Mg). 


2. Install the right-hand differential support 
and secure with the six self-locking bolts 
finger tight. 


3. Use a feeler gauge to measure the gap 
between the right-hand support and the 
face of the centre housing, as shown in 
Figure 54. 


NOTE: Ensure there is sufficient backlash 
between the ring gear and drive pinion so that 
the two parts are not binding. Otherwise, a 
false pre-load check will occur. 


4. Ifthe feeler gauge measurement is 0.001 to 
0.006 in (0.025 to 0.152 mm) the bearing 
pre-load is correct. 
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Figure 54 
Checking Differential Bearing 
Pre-Load-Right-Hand Side 
Feeler Gauge 
Differential Support (Right-Hand Side) 
Centre Housing 
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If no feeler gauge will enter, reduce the 
amount of shims until a feeler gauge of 
0.001 to 0.006 in (0.025 to 0.152 mm) will 
enter. If a gap of more than 0.006 in (0.152 
mm) exists, add shims until the gap is 0.001 
to 0.006 in (0.025 to 0.152 mm). 


Shims are available as follows: 
0.002—0.006 in (0.051 —0.152). 
0.006—0.010 in (0.152—0.254 mm). 
0.010—0.014 in (0.254—0.355 mm). 


0.018—0.022 in (0.457—0.0558 mm). 


Tighten the right-hand differential support 
self-locking bolts to 55 Ibf/ft (75 Nm) (7.6 
Mkg). 


Check the drive pinion backlash as follows: 
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Figure 55 
Checking Pinion Backlash 
Dial Indicator 
. Ring Gear 
. Pinion 
. Plunger 
. Magnetic Base 
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DRIVE PINION BACKLASH 
CHECK AND ADJUSTMENT 


NOTE: The drive pinion backlash check and 
adjustment must be made after the differential 
bearing pre-load check and adjustment has 
been made, as described, and before installing 
either rear axle housing. 


1. Position a dial indicator with the magnetic 
base resting firmly on the axle centre 
housing and the plunger as near vertical as 
possible and resting on one of the ring gear 


teeth, as shown in Figure 55. 


Whilst holding the drive pinion stationary, 
move the ring gear backwards and 
forwards, without turning the pinion, and 
note the measurement on the dial indicator 
gauge. Backlash should be within 
0.01—0.02 in (0.25—0.51 mm). 


If the reading is too large, remove the 
applicable amount of shims from the right- 
hand differential support and _ install 
beneath the left-hand support. 
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Figure 56 
Location of Pinion Spacer Dimension 
1. Add (or Subtract) this Dimension 


If the reading is too small, remove the 
applicable amount of shims from the left- 
hand differential support and_ install 
beneath the right-hand support. Shims are 
available in the following sizes: 


0.002— 0.006 in (0.051 —0.152 mm). 
0.006—0.010 in (0.152—0.254 mm). 
0.010—0.014 in (0.254—0.355 mm). 


0.018—0.022 in (0.457—0.558 mm). 


3. Tighten the right and left-hand differential 
support bolts to a torque of 55 Ibf/ft (75 
Nm) (7.6 Mkg). 

4. Recheck the backlash as_ previously 
described in Step 2. 

5. Proceed with the installation of the 


differential assembly as detailed in Section 
D of this Chapter. 
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Figure 57 
Checking Pinion Bearing Pre-Load 
1. Pull Scale 
2. Pinion Shaft 
3. Pinion Marking 
4. Cord 


DIFFERENTIAL RING GEAR AND PINION 
ADJUSTMENT 


IMPORTANT: /f the rear bearing cup spacers 
have been lost or damaged, or a dimension is 
stamped on the centre housing, see Figure 56, 
or a marked drive pinion is encountered (as 
shown in Figure 57), or when changing the ring 
gear and pinion or the centre housing, the 
correct spacer thickness can be determined by 
the following examples. 


EXAMPLE 1: 


Standard Pinion 
Gear Spacer 


Dimension 0.041 in (1.041 mm) 
Centre Housing 

Marking* 0.012 in (0.305 mm) 
Pinion Gear 

Marking** MD + 0.005 in (0.127 ram) 
Correct Spacer 

Thickness 0.048 in (1.219 mm) 
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EXAMPLE 2: 


Standard Pinion 
Gear Spacer 


Dimension 0.041 in (1.041 mm) 
Centre Housing 

Marking* —0.012 in (0.305 mm) 
Pinion Gear 

Marking** MD —0.005 in (0.127 mm) 
Correct Spacer 

Thickness 0.034 in (0.864 mm) 
EXAMPLE 3: 


Standard Pinion 
Gear Spacer 


Dimension 0.041 in (1.041 mm) 
Centre Housing 

Marking* 0.012 in (0.305 mm) 
Pinion Gear 

Marking** MD —0.008 in (0.020 mm) 


0.061 in (0.109 mm) 
EXAMPLE 4: 


Standard Pinion 
Gear Spacer 


Dimension 0.041 in (1.041 mm) 
Centre Housing 

Marking* —0.012 in (0.305 mm) 
Pinion Gear 

Marking** MD +0.005 in (0.013 mm) 


0.024 in (0.997 mm) 


* The absence of a (+) symbol preceding the 
dimension on the centre housing means that 
shims in the dimension shown are to be added 
to the basic dimension of 0.041 in (1.041 mm). 
A (—) symbol means that shims are to be 
subtracted from the basic dimension of 0.041 
in (1.041 mm). 


** A (—) symbol on the pinion gear means the 
shims are to be added to the basic dimension of 
0.041 in (1.041 mm). A (+) symbol on the 
pinion gear means that shims are to be sub- 
tracted from the basic dimension. 


Spacers are available in the following 
thicknesses: 


e 0.033—0.037 in (0.85—0.95 mm). 


e 0.030—0.033 in (0.75—0.85 mm). 
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© 0.026—0.030 in (0.65—0.75 mm). 
e 0.022—0.026 in (0.55—0.65 mm). 


e 0.018—0.022 in (0.45—0.55 mm). 


PINION BEARING PRE-LOAD 
With reference to Figure 57. 


1. Check the pinion bearing pre-load as 
follows: 


e Wrap a cord around the pinion shaft. 
Attach the pull scale to the cord. Pull on 
the scale, as shown, and read the scale 
after the pinion starts turning. Tighten or 
loosen the locknut to obtain a reading of 
10—20 Ibf (44—88 N) (4.5—9 Kg) whilst 
the pinion is turning. 


HANDBRAKE DRIVEN GEAR AND 
SHAFT ASSEMBLY BEARING FREE- 
PLAY ADJUSTMENT 


IMPORTANT: /f the handbrake housing cap, 
bearings, driven gear and shaft assembly or 
handbrake housing have been changed it will 
be necessary to perform the handbrake drive 
gear and shaft assembly bearing free-play 
check as follows: 


1. Install the original thickness of shim 
washer(s), plus additional shim washers, 
beneath the front bearing cup and use a 
suitable sleeve to positively seat the 
bearing cup within the brake housing cap. 


2. Carefully install the brake housing cap with 


the front bearing and shim washer locating 
over the front of the handbrake driven gear 
and shaft assembly. Install and finger 
tighten the cap retaining bolts. 


3. Use a feeler gauge to measure the gaps 


between the brake housing cap flanges 
and the brake housing. Average the 
measurement. 


4. Add or delete shim washers as necessary 


to obtain a free-play of 0.001 to 0.003 in 
(0.02 to.0.075 mm). 
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Chapter 2 
TROUBLE SHOOTING, PRESSURE TESTS, 
SPECIFICATIONS AND SPECIAL TOOLS 


A. TROUBLE SHOOTING 


Section 
A. TROUBLE SHOOTING 
B. PRESSURE TESTS 
C. SPECIFICATIONS 
D SPECIAL TOOLS 
GENERAL 


Essentially, trouble shooting involves locating 
a failure point. The failure can be mechanical or 
hydraulic and many factors can contribute to 
the cause of the failure. Isolation of the particu- 
lar cause or causes involves a systematic 
approach to determine which components are 
functioning properly. 


As a first step in trouble shooting the brakes or 
differential lock, several preliminary checks 
should be made. These checks are essential in 
that once performed they need no longer be 
considered as a possible cause of the 
malfunction. 


e Check the oil in the transmission/rear axle 
centre housing is of the correct grade and 
quantity, see Page 6, ‘Specifications’ — 
Chapter 2. 


e Check for external oil leaks. 


Brakes 
e Check for kinked or pinched brake lines. 


e Check for external leaks at master cylinder 
or brake valve. 


e Bleed the brakes. 


e Adjust brake pedal free travel. 


Differential Lock 


e Perform the differential lock system 
pressure test as detailed on Page 5. 


Having performed the preliminary checks and 
failing to locate the probable cause of the mal- 
function, refer to the ‘Trouble Shooting 
Chart’. 
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BRAKE SYSTEM TROUBLE SHOOTING CHART TW-5, TW-15 AND TW-25 


POSSIBLE CAUSES CORRECTIVE ACTION 


1. One or both 1. Worn piston seals, cracked 1. Service the brake disc. 
brakes do not centre housing. 
apply 2. Weak, broken, or wrong 


PROBLEM 


2. Service the brake master 


2. One or both 
brakes will not 
release (excessive 
drag) 


3. Loss of braking 
when hot 


4. Excessive pedal 
travel all the time, 
and pedals can be 
pumped 


5. Brake pedals 
gradually go to 
floor under 
constant pressure 


springs in master cylinder. 


Weak, broken, or wrong 
springs in master cylinder 
Plugged orifice in master 
cylinder 

Brake pedal free travel 
incorrect 


Water contamination in brake 
fluid 


Air in system 


Warped or dished inner disc 


Worn piston seals, cracked 


Worn or damaged seals on 
master cylinder pistons 


cylinder 


Service the brake master 
cylinder 

Service the brake master 
cylinder 

Adjust pedal free travel 


Apply brakes several times 
immediately extract a 
sample of fluid from master 
cylinder. Using a piece of 
tin foil, form a dent or 
dimple in it and place a few 
drops of the sample fluid in 
the dimple. Heat the brake 
fluid. A sudden ‘popping’ 
indicates the presence of 
water. The water can be 
drained by removing a plug 
on the bottom of each side 
of the rear axle centre 
housing. The brakes must 
then be bled. 


Bleed the brakes 


Service the brake discs 


Service the brake discs 


Service the brake master 
cylinder 


6. Excessive pedal | 1. Brake disc worn 1. Service the brake discs 
effort 


7. Uneven pedal 
effort 


Air in one side of system 


2. Brake pedal free travel 


incorrect 


2. Adjust pedal free travel 


Bleed the brakes 


3. Warped or dished inner brake 


disc 


3. Service the brake discs 
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TW-35 BRAKE SYSTEM TROUBLE SHOOTING CHART 


POSSIBLE CAUSES CORRECTIVE ACTION 


1. 


PROBLEM 


1. Both brakes will 
| not apply either by 
mechanical or 
power actuation 


2. Brakes will 
apply by 
mechanical action 
but not by power 
actuation 


3. One brake will 
not apply when 
brake pedals are 
applied together 


4. One or both 
brake pedals 
spongy 


5. Brakes not 
equalized, tractor 
pulls to one side 
when both pedals 
are applied 


6. Applying one 
brake causes 
opposite brake to 
partially engaged 
also 


7. Diff lock will not 
release when brake 
pedal is applied 


8. Brakes drag or 
lock-up during 
normal operation 
without depressing 
pedals. Usually 
occurs On One side 
only 


Seal washer not sealing 
properly with manual 
actuating piston 


Damaged brake linkage 


Check valves stuck in closed 
position not allowing oil to 
enter brake valve assembly 


Directional valve needle stuck 
in closed position 


Brake piston O-ring leaking 


Air in system 


Pedals not adjusted 


Directional valve needle stuck 
in closed position 


Brake linkage not in proper 
adjustment 


Improper adjustment between 
brake pedal release pin and 
diff lock valve spool. 


Release pin bent or broken 


Power brake valve directional 
valve plunger binds in valve 
bore or in retainer due to 
scoring or contamination 


Power brake valve directional 
binding in seat due to seat 
distortion 


Power brake valve directional 
needle valve binding due to 
incorrect or defective ‘O’ Ring 


Replace seal washer 


Inspect and repair as 
required 


Replace check valve 
assembly 


Replace needle and O-ring 


Replace O-ring 
Bleed brakes 


Adjust pedals 


Replace needle and O-ring 


Adjust linkage 


Adjust 


Replace pin, check diff lock 
valve spool for sticking in 
‘On’ position 


Inspect and clean parts. 
Replace parts as required 


Replace power brake valve 


Replace ‘O’ Ring 
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PROBLEM POSSIBLE CAUSES CORRECTIVE ACTION 


9. Right-hand 
brake applies when 
left-hand pedal is 
depressed or vice 


versa 


Improper brake adjustment 


2. Power brake valve directional 


needle valve leaking in seat 
due to seat distortion 


Power brake valve plunger 
binding due to contamination 


DIFFERENTIAL LOCK TROUBLE SHOOTING CHART 


PROBLEM 


1. Diferential lock 
system pressure 
too low (internal 
leakage) 


2. Differential lock 
will not engage 


3. Differential lock 
will not disengage 


POSSIBLE CAUSES 


Differential lock hydraulic line 
disconnected 


Cut, broken or missing 
O-rings on differential lock 
piston 


Low pressure pump 
malfunction 


Differential lock system 
pressure too low (internal 
leakage) 


Differential lock pedal dis- 
connected from valve linkage 


in hydraulic pump cover 
assembly 


Differential lock valve adjust 
incorrect (TW-35 only) 


Differential lock piston stuck 
in engaged position 


Differential lock plates warped| 2. 


Differential lock valve stuck in 
‘On’ position 


Adjust brakes 


2. Replace power brake valve 


3. 


Inspect and clean parts as 
required 


CORRECTIVE ACTION 


1. 


Remove hydraulic lift 
cover. Check connections 


2. Remove and disassemble 


the differential assembly. 
Check O-rings on piston 


Disassemble pump and 
examine 


See possible causes listed 
with Problem 1 


Check visually. If required 
install cotter pin 


Remove and disassemble 
the differential assembly. 
Check piston for burrs, 
pinched O-rings, etc. 


Remove and disassemble 
the differential assembly. 
Check for warped plates 


Check valve for proper 
operation — service if 
necessary 


a 


B. PRESSURE TESTS 


If the differential lock or power brakes fail to 
operate correctly, the low pressure hydraulic 
system pressure tests should be conducted as 
detailed in Chapter 3 of ‘“TRANSMISSION 
SYSTEMS” — Part 5. 


The pressure tests should alse be conducted 
after the differential lock or power brakes have 
been overhauled. 


C. SPECIFICATIONS 


REAR AXLE SPECIFICATIONS 


Axle Type 
Axle Clearance 
Axle Ratio 


Wheel Tread Ranges: 
Manual Adjust: 
84 Inch Axle 
105 Inch Axle 


Power Adjust: 
84 Inch Axle 
105 Inch Axle 


Differential Ring Gear: 
Number of Teeth 
TW-5, TW-15 and TW-25 
TW-35 


Drive Pinion: 
Number of Teeth 
TW-5, TW-15 and TW-25 
TW-35 
Pinion Bearing Preload 
Pinion Backlash 


Differential: 
Bearing Preload 


Axle Shafts: 
Diameter 
TW-5, TW-15 and TW-25 
TW-35 
End Play 


PRESSURE SETTINGS 


Differential Lock System Pressure 
Power Brake System 


Double reduction inboard planetary 
16.4 in (41.6 cm) 
28.239: 1 


60—90 in (152—229 cm) 
60— 110 in (152—280 cm) 


60—90 in (152—229 cm) 
60— 116 in (152—295 cm) 
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10—20 Ibf (44—88 N) (4.5—9 Kg) 
0.01—0.02 in (0.25—0.51 mm) 


0.006—0.001 in (0.152 —0.025 mm) 


3.38 in (85.9 mm) 
3.62 in (91.9 mm) 
0.003—0.009 in (0.076 —0.228 mm) Tight 


185— 220 Ibf/in? (12.8— 15.2 bar) 
(13— 15.5 Kgf/cm?) 


With tractor engine speed at 2200 rev/min system pressure should be 185— 235 Ibf/in? (12.8— 16.2 


bar) (13— 16.5 Kgf/cm?) 
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TRANSMISSION AND REAR AXLE OIL CAPACITY 


FORD FORD FORD FORD 
TW-5 TW-15 TW-25 TW-35 
60.6 60.6 , 
73.0 73.0 
69.2 69.2 


Imp. Qts 60.6 
Less Dual Power | U.S. Qts 73.0 
Litres 69.2 
65.6 65.6 65.6 76.4 
With Dual Power 79.0 79.0 79.0 92.0 


74.9 74.9 74.9 87.2 


LUBRICANTS 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 
Operator’s Manual. 


BRAKE SPECIFICATIONS 


Type Wet Disc 

Pedal Travel 6 in (152 mm) 

Pedal Free Travel 0.12 in (3.2 mm) between pedal shank and 
rubber stop 

Effort TW-5, TW-15 and TW-25 — 50 Ibf (222 N) 
(22.7 Kgf) 
TW-35 — 40 Ibf (178 N) (18.1 kgf) 

Lining Area 69.9 in? per disc (451 cm?) 

Master Cylinder (TW-5, TW-15 and TW-25) 

Lubricant 10M-6C34A (DO NOT use automotive type 
brake fluid) 


Tightening Torques 
Rear Wheel Wedge Retaining Bolts 290 
Axle Shaft Retaining Bolts 
Axle Housing Retaining Bolts 


Differential Case Bolts 
Differential Support Bolts 


Transmission Handbrake Retaining 
Disc Attaching Screws 
Transmission Handbrake Housing 
Cap Retaining Bolts 

Transmission Handbrake Housing 
to Centre Housing Bolts 
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D. SPECIAL TOOLS 


(Prior Tool Numbers, where applicable, shown in brackets) 


DESCRIPTION V LCHURCHILL TOOLS | NUDAY TOOLS 


Shaft Protectors 9212 (625A) 
Step Plates 1257 

Puller Legs 9521 (930B) 
Puller 9506 (938) 
Internal/External Pulling Attachment 9507 (943) 
Slide Hammer 9567 (943S) 
Pulling Attachment — Large 9526 (952) 
Power Brake Valve Retainer Socket FT.2011 (SW34) 7445 

Power Brake Pedal Setting Gauge FT.2012 (SW35) 7446 

Brake Disc Spline Aligner FT.3150 0562 
Handbrake Actuator FT.3151 0563 
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Chapter 3 


POWER BRAKES 
FORD 8530, 8630, 8730, and 8830 


Section Page 
A. DESCRIPTION AND OPERATION 1 
B. POWER BRAKE VALVE—-OVERHAUL 7 
C. SPECIFICATIONS 14 


A. DESCRIPTION AND OPERATION 


Description 


Power brakes with hydraulic booster are 
installed on all models and assure precise 
equalisation and positive braking with less 
pedal pressure. The power brake valve 
assembly is located on the firewall at the front 
of the cab and is charged with oil from the 
transmission hydraulic pump. A 
diagrammatic layout of the braking system is 
shown in Figure 1. 


The rear axle brakes are wet disc type 
assemblies. The brake assemblies consist of 
an actuating piston located in a cylinder 
machined into each side of the rear axle 
centre housing with brake friction disc(s) 
positioned between the piston and the axle 
reduction gears. Steel separator plates are 
also located between each of the friction 
disc(s) and the reduction gear set. 


On 8530, 8630 and 8730 models a single 
friction brake disc is installed in each brake 
assembly and on 8830 models two friction 
brake discs are used. 


Each friction brake disc is splined to the 
planetary sun gear whilst the steel separator 
brake discs are located on and prevented 
from rotating by three retaining pins which are 
incorporated into the axle centre housing, the 
top pin of which is hollow to provide lubrication 
oil flow to the reduction gears. 


To meet the braking requirements of the 
tractor in the field working environment the 
right and left hand brake pedals must 
independently operate the brakes on their 
respective side of the tractor. 


To ensure that independent braking effort is 
achieved each brake pedal operates 
separate master cylinders through a 
hydraulic booster to apply pressure to either 
the right or left hand braking circuit, Figure 2. 


The inclusion of hydraulic boosters in the 
power brake valve assembly ensures only 
light pedal efforts are required to operate the 
brakes. 
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Figure 1 
Diagrammatic Layout of Braking System on Tractor 


Power Brake Valve 

Brake Line from Left Hand Master Cylinder 
Brake Line from Right Hand Master Cylinder 
Brake Reservoir Return to Sump 

Feed to Power Brake Valve From Transmission 
Mounted Pump 

Transmission Oil Filter (Powershift Only) 
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On the road it is mandatory that the two brake 
pedals are coupled together to ensure that 
both brakes operate simultaneously and with 
the same braking effort. 


If the brakes on one side of the tractor have 
been subjected to more wear than the other a 
condition would occur where the brakes could 
pull to one side unless some form of 
compensation (balance) was built into the 
braking system. This balance is achieved by 
using two linked compensating centre valve 
master cylinders that automatically 
compensate for uneven brake wear when the 
pedals are coupled’ together. The 
compensating function centres around the 
flow valves built into each master cylinder that 
supply fluid pressure to the appropriate 
master cylinders as needed. 


7. Right Hand Brake Line 

8. Rear Axle Brake Assembly (Right Hand) 
9. Sensor Line to Trailer Brake (where fitted) 
10. Rear Axle Brake Assembly (Left Hand) 
11. Left Hand Brake Line 

12. Manifold 


Operation 
The Booster 


The power brake valve, Figure 2 consists of 
two hydraulic chambers (boosters) 
positioned side by side together with a fluid 
reservoir integrally cast into one alloy 
housing. The hydraulic operating oil is 
supplied from the transmission by the 
transmission mounted pump to both boost 
chambers. 


The integral reservoir accepts oil expelled 
from the low pressure side of the boost piston, 
returning it to the transmission sump via the 
reservoir overflow port whilst also feeding the 
two master cylinders necessary to operate 
the brakes. 
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Figure 2 
Power Brake Valve With Brakes Released 


[ee] Transmission Pump Pressure Oil 


A. Pump pressure Inlet Port 
C Left Hand Brake Pressure Port 


Centre Valve Seal 
Master Cylinder 
Bridge Pipe 
Master Cylinder 
Flow Valve 

Seal 

Boost Piston 

Flap Valve 
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Pressurised oil, from the transmission pump, 
is fed to both boost chambers. In the brakes 
"Released” condition pressurised fluid is 
prevented from entering the booster by the 
rear P.T.F.E. seal on the boost piston which 
seals off the inlet port from the transmission 
pump supply, Figure 2. 


A second P.T.F.E. seal is also installed on the 
boost piston and is provided to ensure 
alignment and smooth operation of the piston. 


[Reese Return to Reservoir/Sump Oil 


B Overflow port 
D Right Hand Brake Pressure Port 


9. Seal 

10. Booster Housing 

11. Input Plunger 

12. Rear P.T.F.E. Seal 

13. Front P.T.F.E. Seal (With Groove) 
14. Master Cylinder Plunger 

15. Reservoir 


To prevent any build up of pressure between 
the boost piston seals and a possible rise in 
temperature of the small quantity of oil that is 
always present between them, a small groove 
is incorporated in the front seal to allow any 
high pressure fluid between them to slowly 
bleed through to the low pressure side of the 
piston. The absence of this groove to alleviate 
any pressure or temperature increase could 
result in the piston sticking in its bore due to 
unequal expansion between the piston and 
the bore. 
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Figure 3 
Power Brake Valve with Pedals Coupled and Brakes Applied 


(Transmission Pump Pressure Oil 


ere Brake Pressure Oil 


Centre Valve Seal 
Master Cylinder 
Bridge Pipe 
Master Cylinder: 
Flow Valve 

Seal 

Boost Piston 

. Flap Valve 


When a brake is applied the pushrod contacts 
the input plunger which in turn moves the 
boost piston forward. This uncovers the high 
pressure port releasing pressurised fluid into 
the chamber behind the boost piston and 
closes off the flap valve.The high fluid 
pressure behind the boost piston, which is 
proportional to the pedal effort, now forces the 
piston along the bore in the direction of the 
arrows shown in Figure 3, where it contacts 
the master cylinder plunger and similarly 
moves this plunger forward.The displaced 
fluid on the low pressure side of the boost 


ON 
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Boost Pressure Oil 


eer Return To Reservoir/Sump Oil 


9. Seal 
10. Booster Housing 
11. Input Plunger 
12. Rear P.T.F.E. Seal 
13. Front P.T.F.E. Seal (With Groove) 
14. Master Cylinder Plunger 
15. Reservoir 


piston is forced up into the reservoir and if the 
fluid in the reservoir has reached the 
maximum level the excess oil is returned to 
sump via the overflow port. 


If due to the speed of pedal application the 
pump pressure fails to fill the chamber behind 
the boost piston quickly enough, the flap valve 
opens allowing fluid from the low pressure 
side of the boost piston to flow through the 
piston until the pressure rises enough to close 
the valve again. This method of operation 
ensures a smooth pedal action. 


Master Cylinders 


The two compensating centre valve master 
cylinders are bolted directly behind the 
booster unit and are supplied with oil from the 
same integral reservoir that is built into the 
booster housing. Both master cylinders are 
hydraulically interconnected by an external 
bridge pipe. 


The compensating function is controlled by 
the flow valves built into each master cylinder 
and which are interconnected by the bridge 
pipe between each cylinder. 


Under coupled braking the flow valves are 
opened allowing fluid to transfer from one 
cylinder to the other thus equalising 
pressures. Under single pedal braking the 
valve in the inactive cylinder will be closed by 
the flow of oil along the bridge pipe from the 
operated cylinder thus preventing oil transfer 
from one cylinder to the other. 


During the initial movement of the master 
cylinder plunger the centre valve seal closes 
off the master cylinder reservoir supply port. 
As the plunger continues to move along the 
bore the rise in pressure in the master cylinder 


is applied to the rear axle brakes via the brake 


pipes and hoses. 


To appreciate the complete method of 
operation of the braking system two operating 
conditions must be considered. These are 
operation of the brakes in the coupled and 
uncoupled conditions. 


Under coupled braking, Figure 3, effort 
applied to the brake pedals causes the boost 
piston and master cylinder plungers to move 
forward. This initial plunger movement and 
fluid displacement moves the centre valve 
seals over the reservoir supply ports closing 
the inlets. 


Further movement of the master cylinder 
plunger down the bore causes the flow valve 
to travel up the taper of the plunger, lifting the 
flow valve from its seat, preventing it from 
closing. This allows fluid movement through 
the bridge pipe to the other cylinder. The 
Same process takes place in the opposite 
cylinder allowing equalised pressure in the 
two cylinders, Figure 3. 


If the brake discs on each brake are worn 
evenly the same amount of fluid displacement 
will be needed on both sides of the tractor to 
apply the brakes. Therefore the amount of 
fluid displacement between cylinders will be 
small and the brakes will be applied evenly. 


lf however the brake discs are unevenly worn, 
which will be the true condition in service, the 
amount of fluid displacement to apply the 
brakes will differ from one side of the tractor to 
the other. This different amount of fluid 
displacement is achieved by compensation 
between the two cylinders. 


The plunger operating the brake with the least 
worn discs, having displaced sufficient fluid to 


’ bring the discs into contact will continue to 


move down the bore since effort is still! being 
applied to the pedal. If further displacement 
took place at the brake disc end the brake 
would be applied, so the master cylinder 
begins to compensate for the other plunger 
which is operating the most worn discs, by 
displacing fluid via the bridge pipe into the 
other cylinder until hydraulic pressures are 
equalised. In this condition both flow valves 
are open allowing fluid movement between 
master cylinders as required and both brakes 
are applied evenly. 
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Figure 4 
Power Brake Valve with Single Pedal Operation and Brake Applied 


[RR Transmission Pump Pressure Oil 
[7] Brake Pressure Oil 


Centre Valve Seal 
Master Cylinder - 
Bridge Pipe 
Master Cylinder 
Flow Valve 

Seal 

Boost Piston 

Flap Valve 
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Under single pedal braking (uncoupled), 
Figure 4, effort applied to a single pedal 
causes the boost piston and master cylinder 
plungers to move forward. This initial plunger 
movement and fluid displacement moves the 
centre valve seal over the reservoir supply 
ports closing the inlet from the reservoir. The 
flow valve in the activated master cylinder 
moves away from its seat and fluid is 
displaced towards the inactive master 


|__| Boost Pressure Oil 
(EE) Return To Reservoir/Sump Oi 


9 Seal 

10 Booster Housing 

11 Input Plunger 

12 Rear P.T.F.E. Seal 

13 Front P.T.F.E. Seal (With Groove) 
14 Master Cylinder Plunger 

15 Reservoir 


cylinder through the bridge pipe. The fluid 
movement through the bridge pipe closes the 
flow valve in the inactive cylinder, which is 
then held onto its seat by the resulting build up 
of pressure. This pressure is retained by the 
flow valve seal and the master cylinder 
plunger seal and continued pedal application 
pressurises the active circuit only, thereby 
applying the brake. 


In all instances of braking the pressure 
applied to the boost piston is proportional to 
the effort applied to the brake pedal(s). This 
pressure is controlled by the amount of 
leakage of pump pressure oil between the 
input plunger and the oil gallery in the centre 
of the boost piston, Figure 5. The harder the 
pedal is depressed the more effective is the 
metal to metal contact between the input 
plunger and boost piston resulting in less 
leakage through the centre of the piston. 


In the unlikely event of transmission pump 
failure or braking when the engine has 
stopped, the brakes can still be applied but 
the pressure applied to the input plunger is 
directly related to the pedal effort as no oil is 
being supplied by the pump to act as boost 
pressure. 
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Figure 5 
Boost Pressure Control 


[ee] Transmission Pump Pressure Oil 
|__| Regulated Boost Pressure Oil 
Return to Reservoir/Sump Oil 


1. Boost Piston 
2. Master Cylinder Plunger 
3. Boost Piston Input Plunger 


B. POWER BRAKE VALVE —OVERHAUL 


POWER BRAKE VALVE REMOVAL 


1. With the engine switched off unscrew the 
left hand brake bleed screw on the rear 
axle and repeatedly depress the brake 
pedal until no more oil is expelled from the 
bleed screw. Repeat this procedure on 
the right hand bleedscrew. 


2. Remove the hood panel and cowling 
located immediately in front of the cab. 


3. Disconnect the hydraulic feed and return 
tube connections at the power brake 
valve assembly, Figure 6. 


NOTE: A certain amount of oil may be 
retained in the in the booster unit even though 
the bleed screws were opened in step 1 to 
drain the system of oil. 


Figure 6 
Power Brake Valve Installation 


1. Power brake Valve 
2. Feed and Return Tubes (4 off) 
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Figure 7 
Brake Pedal Installation 


1. Brake Pedal Assembly 
2. Power Brake Valve Pushrods 


4. From within the cab remove the nuts and 
bolts retaining the brake valve and brake 
pedal assembly to the cab firewall. It is 
not necessary to disconnect the pushrods 
at the brake pedals in order to remove the. 
brake valve assembly, Figure 7. 


5. From the outside of the cab withdraw the 
brake valve assembly from the firewall. 


DISASSEMBLY 


With reference to Figure 9. 


IMPORTANT: Each side of the booster, 
together with its accompanying master 
cylinder should be serviced separately to 
avoid mixing components. 


Figure 8 
Flow Valve and Insert Removal 
1. Insert 
2. Flow Valve 
3. Master Cylinder 
4. Bridge Pipe 


1. Remove the reservoir cap and drain out 
any oil remaining in the valve assembly. 


2. Place the assembly upside down 
(reservoir facing downwards) on the 
-workbench, Figure 8. This will prevent the 
flow valve assemblies, should they be a 
loose fit, from falling out whilst removing 
the bridge pipe. 


3. Unscrew the bridge pipe nuts, remove the 
bridge pipe then carefully tilt the brake 
valve assembly until both flow valve 
assemblies fall out. 


NOTE: /t may be necessary to tap the master 
cylinders on a soft wooden surface to release 
the flow valves. 


4. Remove the reservoir supply hose from 
the cylinder that is to be overhauled first. 


Figure 9 
Power Brake Valve —Exploded View 


Reservoir Supply Hose 


. Master Cylinder Assembly 


Seal 
Input Plunger 


. Boost Piston 


Return Spring 
Valve Stem 


. Valve Seal 


Curved Washer 


. Valve Spacer 
. Return 
. Spring Retainer 


pring 
Bridge Pipe 


Unscrew the two bolts retaining the 
master cylinder to the booster unit. 
Separate the master cylinder from the 
booster unit and place it on a clean 
surface ready for servicing. 


. Withdraw the return spring, boost piston 


and input plunger from the booster body. 


. Insert 

. Flow Valve Assembly 
. Cylinder Body 

. Shim(s) 

. ‘0’ Rings 

. Plunger 

. Seal 

. Push Rod 

. Dust Cover 

. Gasket 

. Reservoir Cap 

. Washer 

. Booster Body and Reservoir 


Remove the dust cover and push rod 
from the opposite end of the booster body. 


Withdraw the plunger assembly from the 
master cylinder. 


Using a small screwdriver lift the leaf of 
the spring retainer and remove the spring 
assembly from the plunger, Figure 10. 
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Figure 10 

Plunger Disassembly 
1. Leaf 
2. Plunger 
3. Valve Stem 
4. Valve Spacer 
5. Spring 
10.Compress the spring in the spring 


assembly to free the valve stem from the 
keyhole in the retainer thus releasing the 
tension of the spring. 


11. Remove the spring, valve spacer and 
curved washer from the valve stem and 


the valve seal from the head of the valve. 


12. Remove the ’O’ ring and shim(s) from the 


master cylinder flange. 


IMPORTANT: The shims (any number 
between O and 4) are factory fitted on 
assembly to give the required clearance 
between the master cylinder plunger and the 
boost piston. They must be retained and 
refitted on re-assembly. 


13. Remove the seals from the master cylinder 
and input plungers as follows:— Select a 
small screwdriver, round off and highly 
polish the end of the blade. Squeeze the 
seal until the polished blade can be 
inserted under the seal, Figure 11, release 
the seal and slide it off the plunger. 
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Figure 11 
Removing Seal From Plunger 


1. Rounded Screwdriver 
2. Plunger 
3. Seal 


NOTE: /t is important that the screwdriver is 
prepared and polished in the way described 
above so as to avoid damaging the surface of 
the plunger. 


INSPECTION 


1. Examine the booster and master cylinder 
bores for visible score marks. Check that 
the bores are smooth to the touch. 
Examine all pistons and plungers in the 

‘same way. 


IMPORTANT: /f there is the slightest doubt as 
to the condition of the parts then a new unit 
should be fitted. 


2. Inspect all other components to ensure 
that they are in good working order. 
Comparison of the parts contained in the 
service kit will indicate which parts to 
discard. 


1. 
2. 
3. 


@ 
COUN 
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Figure 12 
Valve Stem Seal Assembly 


Spring 4. Valve Seal 
Curved Washer 5. Valve Spacer 
Valve Stem 


If the old seals appeared to be loose when 
they were removed compare them with 
their new equivalent seals. DO NOT LET 
THEM TOUCH. If the old seals appear 
appreciably larger than the new ones then 
contamination is indicated and the whole 
transmission assembly should be flushed 
out and refilled with new oil to the correct 
specification as detailed in the Operators 
Manual. 


Thoroughly clean all parts with the 
specified transmission oil before 
re—assembly. 


RE-ASSEMBLY 


Use the new parts in the service kit when 
re—assembling. Lubricate the inner diameters 
of the seals with clean transmission oil to the 
correct Specification before fitting. 


Master Cylinder 
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Fit new seals to the plunger and valve 
stem. 
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2. Position the curved washer on the valve 


stem so that it flares” away from the valve 
stem shoulder as illustrated in Figure 12. 


Position the valve spacer on the valve 
stem and locate the return spring inside 
the spacer. 


Fit the spring retainer to the end of the 
spring and compress the spring until the 
valve stem passes through the keyhole in 
the retainer and engages in the centre. 


Fit the spring sub-assembly to the 
plunger and press home until the leaf of 
the retainer engages on the retaining 
groove on the plunger. 


Liberally lubricate the plunger assembly 
and cylinder bore with new transmission 
oil as Specified in the Operators Manual. 
Insert the plunger assembly into the 
master cylinder bore taking care not to 
damage the seal on the plunger. 


Place the master cylinder in a safe place 
until you are ready to fit it to the booster. 


Booster Re—assembly 


1. 


Fit the new seal to the input plunger. 


2. Liberally lubricate the input plunger 


assembly and booster cylinder bore with 
new transmission oil as Specified in the 
Operators Manual. Gently insert the 
plunger into the bore of the booster 
housing until the lip on the plunger makes 
contact with the chamfered edge of the 
bore. 


Liberally lubricate the new. boost piston 
assembly with oil and gently push the 
boost piston fully down the bore. 


install the return spring inside the boost 
piston. 


Refitting the Master Cylinder 
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Fit to the flange of the master cylinder the 
Original shims removed during 
disassembly. 


Install the master cylinder to the booster 
body, ensure that the plunger in the 
master cylinder passes down the centre 
of the boost piston return spring and that 
the spring itself fits over the mouth of the 
master cylinder. 
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. Turn the 


Install the cylinder retaining bolts. and 


tighten to the Specified torque. See 


Specifications Section C. 


. Grease the exposed part of the input 


plunger with the grease provided in the 
service kit and fit the new dust cover. 


Fit a new hydraulic hose from the master 
cylinder to the reservoir and tighten the 
hose nuts to the Specified torque. See 
Specifications Section C. 


Repeat the overhaul procedure for the 
other side of the unit. 


Using the new gasket and washer from 
the service kit re—fit the reservoir cap. 
Tighten the cap bolt to the Specified 
torque. See Specifications Section C. 


booster/master cylinder 
assembly upside down as _ previously 
shown in Figure 8 and install a new flow 
valve and insert into each master cylinder. 


Install the bridge pipe and tighten the 
retaining nuts to the Specified torque. See 
Specifications Section C. 


10. Refit the dust covers. 


a, 


1. 


Figure 13 
Rear Axle Brake Bleedscrew 


Left Hand Brake Bleedscrew 


2. Rear Axle Trumpet Housing 


Installation 


1. 


Position the brake valve assembly to the 
firewall of the tractor ensuring that the 
push rods pass through the rubber dust 
covers.Re fit the brake pedal and boost 
valve retaining bolts and tighten to the 
specified torque. See Specifications 
Section C. 


With the brake pedals in the released (foot 
off pedal) position check that the free play 
at the end of the pedal is to specification 
as detailed in Section C. Adjust the 
freeplay where necessary by releasing 
the pushrod locking nut and turning the 
pushrod. Retighten the locknuts securely 
after any adjustment and check that with 
the brake pedal locking bar disengaged 
the free travel is equal for each pedal. 


Reconnect the hydraulic feed and return 
tubes. tightening the tube nuts to the 
specified torque. See Specifications 
Section C. | 


Check for correct operation of the stop 
lamp switch. 
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\ a 
Figure 14 
Trailer Brake Valve Bleedscrew 


1. Trailer Brake Valve 
2. Bleedscrew 


BLEEDING THE BRAKES 
Pre Bleeding 


1. Attach transparent bleed pipes to both 
brake bleedscrews and insert the open 
ends of the pipes into the transmission oil 
filler at the rear of the vehicle. 


2. Open both bleedscrews half a_ turn, 
Figure 13. 


3. Start the engine and set the engine speed 
to idle. 


4. Pre-—fill the brake system by depressing 
and holding down both brake pedals. 
Continue to hold the pedals in the 
depressed position for approximately 1 
minute to expel most of the air from the 
system. Where a trailer brake valve is 
fitted do not release the pedals until an 
assistant has closed the right hand brake 
bleedscrew. 


Bleeding Trailer Brake Valve 
(where fitted) 


5. Release and uncouple the brake pedals. 


6. Disconnect the brake pedal locking bar 
and open the trailer brake valve 
bleedscrew half a turn, Figure 14. 


7. Repeatedly depress the right hand brake 
pedal until no more air is expelled then 
close the bleedscrew. 


8. Open the right hand brake bleedscrew. 


Bleeding the Brake System 


9. With the right hand brake bleedscrew 
open repeatedly fully depress the right 
hand brake pedal for approximately 70 
strokes until no more air is expelled. 


10. Close the bleedscrew and check the right 
hand brake pedal for correct operation. If 
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bleeding has been unsatisfactory repeat 
the procedure for both the trailer brake 
(where fitted) and the right hand brake. 


11. Couple both brake pedals together and 
open the left hand brake bleedscrew. 


12. Repeatedly depress both brake pedals 
until no more air is expelled from the 
bleedscrew. Close the bleedscrew. 


NOTE: When bleeding with the pedals 
coupled increased pedal effort will be 
observed and it will not be possible to achieve 
a full pedal stroke due to the master cylinder 
compensation block. 


13. Individually check the travel on each 
brake pedal and ensure that when the 
brakes are applied the travel for each 
pedal is the same. Recheck the travel with 
both pedals coupled together. 


14. With the engine running, check for leaks 
and road test the vehicle. 


C. SPECIFICATIONS 


Brake Pedal Free Play 


Torques 

Master Cylinder Bolts 

Reservoir to Master Cylinder Hose Nuts 
Reservoir Cap Bolt 

Bridge Pipe Nuts 

Push Rod Locknuts 

Power Brake Valve to Cab Bolts 

Power Brake Valve Feed Tubes 

Power Brake Valve Return Tubes 
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7-—14mm ( 0.275—0.55in) 


Ibf.ft Nm 
9 12 
16 22 
4 5 
7 10 
23 31 
23 31 
26 35 
18 25 


f 
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Chapter 4 
TRANSMISSION HANDBRAKE ASSEMBLY 
TWO WHEEL DRIVE 8530,8630,8730 & 8830 MODELS 


Section 
A. DESCRIPTION AND OPERATION 
B. OVERHAUL PROCEDURE 


Page 


1 
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A. DESCRIPTION AND OPERATION 


The transmission handbrake assembly 
described in this section is installed on all 
tractors which are not fitted with the four 
wheel drive factory fitted option. On tractors 
fitted with four wheel drive the transmission 
handbrake is installed in the four wheel drive 
transfer box and reference should be made to 
Part 10 Front Axle for the overhaul procedure. 


On tractors that are not installed with the four 
wheel drive option the transmission 
handbrake assembly is also housed in a 
casting similar to that used for the transfer box 
on four wheel drive tractors and bolted to the 
underside of the rear axle centre housing. 


The handbrake is operated by a lever 
mounted on the left hand side of the cab or 
platform. 


The transmission handbrake comprises of an 
idler gear which engages with the drive gear 
on the rear axle pinion and a driven gear 
which is splined and positioned in the centre 
of a shaft that is free to rotate within the 
transmission handbrake housing. Four 


internally splined brake discs, separated by 
three brake plates engage on the splines of 
the shaft and are positioned between the 
driven gear and the handbrake housing. A 
further two internally splined brake discs 
which are separated by the brake actuating 
mechanism are located between the opposite 
side of the driven gear and the housing. 
Figure 1. The brake plates are prevented from 
rotating within the housing by two torque pins. 


The actuator assembly consists of two plates 
with ramped pockets into which are located 
steel balls. When the handbrake is operated 
the two halves of the actuator disc rotate 
relative to one another, this action causes the 
the steel balls to ride up the ramped pockets 
and force the actuator plates apart. As the 
actuator plates move apart, the two brake 
discs on either side of the actuator are forced 
against the brake housing and driven gear. 
Because the driven gear is splined to the shaft 
this gear can also slide along the shaft and 
compresses the brake discs on the opposite 
side of the gear between itself and the 
housing. This action completes the braking 
operation. 


B. OVERHAUL PROCEDURE 


| 
| 
| 
| 
1 
| 
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Figure 1 
Transmission Handbrake Assembly 


1. Spacers 7. Seal 13. Input Shaft | 
2. Idler Gear Shaft 8. Oil Drain Plug 14. Intermediate Disc (3) 
3. Actuator 9. Roll Pin 15. Friction Disc (6) _ 
4. Front Bearing 10. Lower Torque Pin 16. Needle Roller bearing 
5. Input Shaft Cover 11. Driven Gear 17. Roll Pin 
6. Retaining Ring 12. Rear Bearing 18. Idler Gear 
REMOVAL housing from the rear axle centre 


hy 


Park the tractor on a hard level surface 
and block the wheels. 


Remove the rear axle / transmission mag- 
netic drain plug from the brake housing. 
Be prepared to drain between 17 and 20 
Imp. gallons (20—25 U.S. gallons) (76—95 
litres), depending on transmission specifi- 
cation. 


Disconnect the handbrake actuating ca- 
ble from the lever on the brake housing. 


Supporting the brake housing with a 
suitable jack, remove the brake housing 
securing bolts and lower the brake 


housing. 


DISASSEMBLY 


i 


Use a pin punch to push the roll pin fully 
into the idler gear shaft. Push out the shaft 
and extract the roll pin. 


Lift out the idler gear, together with the two 
spacers and slide out the needle roller 
bearing from the idler gear. 


Lift the retaining ring onto the brake lever 
and shaft assembly and withdraw through 
the brake housing. Retain the spring for 
reassembly. 


Remove the retaining ring and pin secur- 
ing the actuator assembly to the internal 
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brake lever link assembly and remove the 
lever and link assemblies. 


Figure 2 
Brake Lever Assembly 
. Lever and Shaft Assembly 
Seal 


1 
2. 
3. 
4 
5 


Sorin 


. Internal Brake Lever 
. Retaining Ring 


Using a pin punch push the roll pins fully 
into the two brake torque pins, and with- 
draw both shafts out of the housing as- 
sembly and extract the roll pins. 


Using slide hammer, tool number MS284 
with adaptor LC284—11, remove the input 
shaft cover from the casing. Remove the 
retaining ring and withdraw the input 
shaft, again using the slide hammer and 
adaptor. The outer bearing will also be 
withdrawn in this operation. 
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7. Carefully remove the driven gear, actua- 


tor assembly and brake plates from the 
housing noting the order of removal. 


INSPECTION AND REPAIR 


1. 


Wash all components in a suitable solvent 
and dry using compressed air 


. Inspect all components and bearings and 


replace worn parts as necessary. Re- 
move the internal bearing if necessary us- 
ing a suitable adaptor from inside the 
housing assembly. 


Separate the brake plates and spacers. 
Inspect the plates for wear, scoring, dis- 
tortion or damaged teeth. Worn or dam- 
aged plates must be replaced as a set. To 
separate the brake actuator the return 
springs must be removed and the two 
halves opened out to reveal the operating 
balls located in the ramped pockets. In- 
spect the balls for damage and replace 
the actuator assembly, if necessary. 


Inspect the gears for wear or damaged 
teeth and replace the idler gear spacers if 
worn or damaged. 


Examine the handbrake input gear and 
shaft assembly splines for damage or 
wear and replace, if necessary. 


inspect the brake housing for cracks or 
damage. 


Discard and replace all seals and 'O’ 
rings. 
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REASSEMBLY 


1. Install the lower torque pin, secure with 
the roll pin. 


2. Carefully install the brake plates, actuator 
assembly and input gear in the reverse or- 
der of removal ensuring correct location 
over the torque pin. 


3. Install the lever and link assembly to the 
actuator. 


4. Turn the brake housing onto its side to al- 
low the input shaft to be inserted from the 
top. Figure 3 

Brake Actuating Lever 


1. Brake L d shaft AssembI 

5. Carefully install the input shaft through the 2. [ower Torque Pin , 

splines of the input gear and brake friction 3. Upper Torque Pin 

: : 4. Link Assembly 
discs and locate the shaft into the rear 5_ Internal Brake Lever 
bearing. 
and install the shaft and secure with the 

6. Install the front bearing, retaining ring and roll pin. 

cover. 


INSTALLATION 
7. Install the upper torque pin and secure 


with the roll pin. 1. Installation of the transmission handbrake 


assembly follows the removal procedure 
8. Position the brake lever and shaft assem- in reverse. On installation observe the fol- 
bly into the casing. install the spring and lowing requirements: 
retaining ring over the shaft and install the 
shaft onto the brake lever splines, ensur- 


ing that the lever assumes arelative posi:  ° Tighten the brake housing to centre 
tion of 73°, see Figure 3. housing retaining bolts to the correct 


torque, see page 6, specifications, chapter 
2. 


9. Locate the needle roller bearing within the e Fill the rear axle with the correct grade and 
idler gear. Position the gear to mesh with quantity of oil, see page 6, specifications, 
the driven gear, locate the two washers chapter 2. 


PART 8 
HYDRAULIC SYSTEM 


In April 1985 the hydraulic system of the TW Series tractors was upgraded to incorporate closed 
centre De-Luxe remote valves with an option for increased flow capacity. The upgraded system 
permits simultaneous operation of the hydraulic power lift and the remote valves. 

Chapters 1 to 4 detail the circuit, the Service repair procedures and specifications for tractors 
built prior to April 1985. 

Chapters 5 to 8 detail the circuit, the Service repair procedures and the revised specifications for 
the upgraded hydraulic system and associated components. 
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A. HYDRAULIC SYSTEM CIRCUIT — DESCRIPTION AND 
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A. HYDRAULIC SYSTEM CIRCUIT — DESCRIPTION AND OPERATION 


The tractor hydraulic system consists basically 
of an oil reservoir, hydraulic pump, control 
valve assembly, lift cylinder and piston and lift 
arms. 


The rear axle centre housing serves as a 
reservoir and supplies oil to the hydraulic 


pump. 


The hydraulic circuit utilises a single, constant 
displacement, gear type pump and a spring- 
loaded, pilot operated flow control valve. A 
main control valve spool directs the flow of oil 
within the pilot circuit to effect a raise, neutral 
or lowering action of the lift arms. 


Various circuit relief valves and check valves 
protect the system components from any 
overload conditions which may _ be 
encountered during normal or arduous 
operation. 


PRESSURE VALVES IN THE HYDRAULIC 
CIRCUIT 


RELIEF VALVE 


The relief valve, situated in the main hydraulic 
pump cover assembly, limits the hydraulic oil 
pressure within the circuit in order that the 
pump and system components are not over- 
loaded during the raising function. 


FLOW CONTROL VALVE 


This valve, located in the main hydraulic pump 
cover assembly, senses the pressure drop 
across the manually variable flow valve and 
acts as an unload valve to divert excess oil to 
the sump during slow raise conditions. In the 
neutral and lowering functions, the flow 
control valve by-passes all supply oil to the 
sump. 


VARIABLE FLOW VALVE 


This manually operated valve, situated in the 
main hydraulic pump cover assembly, varies 
the volume of oil flowing to the hydraulic lift 
cylinder to effect a controlled rate of lift 
response. Howeverey, regardless of the flow 
valve setting, when the lift control lever is 
pulled back to the rear of the quadrant the rate 
of flow is at a maximum to effect a fast raise of 
the implement. This action is accomplished 
through an override linkage. 
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CONTROL VALVE 


The control valve, located in the control valve 
assembly attached to the lift cylinder 
assembly, is connected through internal 
linkage to the lift control lever. The control 
valve either directs the flow of hydraulic oil 


from the pump into the pilot circuit to effect a 


raise condition or prevents the flow of oil into 
the pilot circuit to facilitate a neutral or 
lowering function. 


CHECK VALVE 


A simple one-way ball valve which allows 
hydraulic oil to pass to the lift cylinder but 
prevents the return. The check valve is housed 
in the control valve assembly. 


LIFT CYLINDER SAFETY VALVE 


This spring operated valve is mounted directly 
into the lift cylinder wall. If shock loadings are 
encountered in the neutral function, for 
example, when transporting implements over 
rough ground, the valve opens to relieve 
excess pressure and protect the lift cylinder 
circuit. 


DROP VALVE 


This ball type check valve, situated in the lift 
control valve assembly, allows hydraulic oil to 
pass to the lift cylinder when raising but 
prevents the return in neutral. In the lowering 
cycle, the ball is unseated by the control valve 
and allows the lift cylinder oil to return to the 
sump via the exhaust valve. 


EXHAUST VALVE (DROP RESTRICTOR) 


This spring operated flow control valve, 
located in the lift control valve assembly, 
restricts the flow of exhaust oil from the lift 
cylinder to the sump thereby controlling the 
rate of implement drop. 


OIL FLOW 


Figures 1, 2and 3 show the hydraulic system oil 
flows for the neutral, raising and lowering 
functions. 


NEUTRAL 


With reference to Figure 1. 


In the neutral position, the control valve 
prevents supply pressure oil passing to the 
pilot pressure tube leading from the control 
valve to the right-hand end of the flow control 
valve. At the same time, the pilot circuit is open 
to sump via the drilled passage within the 
control valve. The check valve prevents oil 
from entering the lift cylinder. 


Hydraulic oil is drawn from the rear axle centre 
housing sump by the hydraulic pump via a full 
flow micronic intake filter. Pump pressure oil is 
then circulated to the hydraulic system. 


The oil flows across the system relief valve and 
on to the remote control valve(s) which, when 
used, take priority over the hydraulic lift 
system. For remote valve operation, see Page 
10. 


The hydraulic oil returns to the pump cover 
assembly and passes across the spring loaded 
flow control valve. The pump pressure oil also 
passes through the hollow centre of the flow 
control valve to the left-hand end of the valve. 


Because there is no pressure in the pilot circuit, 
the flow control valve moves to the right 
against the spring pressure and allows the full 
flow of pump oil to pass directly into the return- 
to-sump passage. Lift cylinder oil is trapped by 
the spring loaded drop valve. 


Trapped oil in the circuit from the flow control 
valve to the check valve and control valve is at 
the same supply pressure as required to open 
the flow control valve to the sump. 
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Figure 2 
Hydraulic System Oil Flow -- Raising 


bie eae ane [ae Reservoir Suction and Exhaust Oil aaa Trapped Oil 


[ay Supply Pressure Oil 


1. Lift Piston 5. Check Valve 9. Flow Control Valve 13. Remote Cylinder 17. Remote Control Valve 

2. Drop Valve 6. Return Filter 10. System Relief Valve 14. Flow Valve in Minimum Flow Setting 18. Lift Cylinder Safety Valve 
3. Control Valve 7. Variable Flow Valve 11. Hydraulic Pump 15. Remote Control Valve Spool 

4. Exhaust Valve 8. Return to Sump 12. Intake Filter 16. Remote Control Valve 
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FORD TW-5, TW-15, TW-25 AND TW-35 
HYDRAULIC SYSTEM OIL FLOW — NEUTRAL 


feel Supply Pressure Oil 


1. Lift Piston 
2. Drop Valve 
3. Control Valve 
4. Exhaust Valve 


5. Check Valve 

6. Return Filter 

7. Variable Flow Valve 
8. Return to Sump 
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Figure 1 
Hydraulic System Oil Flow — Neutral 


Reservoir, Suction 
and Exhaust Oil 


9. Flow Control Valve 13. Remote Cylinder 
10. System Relief Valve 14. Flow Valve in Minimum Flow Setting 
11. Hydraulic Pump 15. Remote Control Valve Spool 
12. Intake Filter 16. Remote Control Valve 


eee Trapped Oil 


17. Remote Control Valve 
18. Lift Cylinder Safety Valve 
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FORD TW-5, TW-15, TW-25 AND TW-35 
HYDRAULIC SYSTEM OIL FLOW — RAISING 
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Figure 1 


Ford TW-5, TW-15, TW-25 and TW-35 after April 1985 Hydraulic System Oil Flow in Neutral 


— Reduced Pressure Oil [aa 


7. Rear Axle Lubrication Circuit 13 
8. Trailer Brake Valve 14 
9. Hydraulic System Return Filter 15 


10. Lift Blocking Valve 16 
11. Exhaust Valve 1Z 
12. Control Valve 18 


— Reservoir, Suction and Exhaust Oil 


. Assist Ram 

. Remote Cylinder 

. Remote Valve Coupler 

. Remote Valve Flow Control 


Remote Valve Assembly 


. Lift Piston 
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— Trapped and Static Oil 


Lift Cylinder Safety Valve 
Drop Valve 

Priority Valve Pack 
Unload Check Valve 
Unload Valve 

Flow Control Valve 
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FORD TW-5, TW-15, TW-25 AND TW-35 
HYDRAULIC SYSTEM OIL FLOW — LOWERING 
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RAISING 
With reference to Figure 2. 


When the control valve is moved to the right, 
either manually or by an increased draft load 
sensed at the lower links, oil in the lift circuit 
passes across the control valve and into the 
pilot circuit. 


The slight increase in pilot pressure combined 
with the spring pressure acting on the right- 
hand face of the flow control valve, tends to 
move the flow control valve to the left thereby 
reducing the flow of oil to the sump and 
resulting in an increase in pressure in the lift 
circuit. 


As the pilot pressure increases, the flow 
control valve further reduces the flow of oil to 
the sump until the pressure in the lift circuit is 
high enough to unseat both the check valve 
and drop valve thereby allowing pressure oil to 
flow into the lift cylinder. (The pressure oil also 
enters and fills the drop valve). 


This process continues until the flow and 
pressure available is sufficient to effect the 
desired rate of lift. 


NOTE: 7he flow control valve will always by- 
pass supply oil excess to that required to effect 
the desired rate of lift. 


Combined spring and pilot oil pressure, acting 
on the larger, lower face of the exhaust valve, 
lifts and closes the valve to prevent the escape 
of oil from the lift cylinder circuit. 


The system will continue to raise until the 
control valve is moved to the neutral position 
by a draft correction, movement of the lift 
control lever or the lift piston striking the lift 
shut-off pivot. 


NOTE: 7he manually operated variable flow 
valve is used to restrict the flow of oil to the lift 
circuit when a slower draft correction rate is 
desired. When a fast raise is required, an over- 
ride linkage moves the valve to the full flow 
position. After raising, the valve returns to the 
previously set lower rate of flow. 


LOWERING 
With reference to Figure 3. 


Lowering of the lift arms is accomplished by 
moving the control valve to the left either 
manually or by a reduced draft load sensed at 
the lower links. In the lowering position, the 
control valve shuts off supply pressure oil to 
the pilot circuit but allows trapped oil within 
the pilot circuit to return through the valve to 
sump. 


Pump pressure oil at the left-hand end of the 
flow control valve overcomes the spring and 
lack of pressure at the right-hand end and 
forces the valve to the right. This action allows 
the full flow of pump oil to pass across the flow 
control valve throttling land and into the 
return-to-sump passage. 


When the control valve is moved to the left, an 
actuator unseats the drop valve ball and 
releases the trapped lift cylinder oil within the 
poppet. The pressure of the trapped lift 
cylinder oil acting on the land unseats the drop 
poppet. The lift cylinder oil is now directed to 
the sump via the exhaust valve. Due to the lack 
of pressure in the pilot pressure tube, the lift 
cylinder oil forces the exhaust’ valve 
downwards and opens the valve to allow the oil 
to return to sump. 


The rate of return oil flow is governed by the 
spring loaded exhaust valve. The return oil 
flows through the hole in the top of the valve 
but an excess of oil will tend to force the valve 
downwads against the spring pressure. This 
action automatically reduces the size of the 
Outlet ports and restricts the flow of oil from 
the valve to the sump. A controlled lift cylinder 
drop is thus maintained under all lift linkage 
loading conditions. 
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B. REMOTE CONTROL VALVE — DESCRIPTION AND OPERATION 


DESCRIPTION 


The remote control valves utilise the tractor 
hydraulic system to operate remote cylinders 
or continuous flow hydraulic equipment such 
as an hydraulic motor. The valves are stacked 
on top of the pump adaptor plate and operated 
by levers mounted in the hydraulic control 
console. The valves have first priority to the 
hydraulic oil flow and maximum pump output 
is available for remote operation. 


NOTE: 7he valves are double acting and are 
not convertible to single acting valves. 


Each remote control valve incorporates a 
manually operated flow control valve to enable 
the output of each spool to be individually 
adjusted to suit a particular operation. 


The remote control valves are also equipped 
with a detent mechanism to hold the valve 
spool in the “RAISE”, “LOWER” or “FLOAT” 
position. The detent mechanism is 
hydraulically released to return the valve spool 
to ‘‘NEUTRAL” from either the ‘‘“RAISE” or 
“LOWER’” position before the pressure in the 
remote circuit reaches the system relief valve 
pressure setting, see Page 11, ‘Specifications’ 
— Chapter 4. This action protects the remote 
circuit under overload conditions such as when 
a remote cylinder reaches the end of its stroke 
or an excessive load is placed on an hydraulic 
motor. 


OPERATION 
NEUTRAL 
With reference to Figure 4. 


After passing across the system relief valve, 
hydraulic oil enters the remote control valve 
housing directly under the flow control valve at 
passage ‘F’. The oil flows across the flow 
control valve, see ‘FLOW CONTROL VALVE”, 
Page 14, and passes on into the loop 
connecting the galleries ‘E’. The oil then flows 
across the open centre of the control valve 
spool and returns to the tractor hydraulic 
system via port ‘H’. 
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Oil in the remote cylinder circuit is trapped by 
the position of the control valve spool lands 
which prevent the return flow of oil from the 
ports ‘L’ and ‘R’. 


Raising 
With reference to Figure 5. 


When the remote control valve spool is pushed 
fully inwards to the “RAISE” position, oilin the 
galleries ‘E’ is prevented from passing to port 
‘H’ by the position of the control valve spool 
lands. The supply oil pressure immediately 
rises to actuate the flow control valve. The oil 
then flows through the valve into passage ‘Y’, 
across the control valve spool and out at port 
‘R’ to raise or extend the cylinder. 


Note the location of the detent balls compared 
with their position in ““NEUTRAL”. 


Oil from the rod end of the cylinder is forced 
into port ‘L’ which is open to passage ‘S’. 
Passage ‘S’ returns the oil to sump. 


When the cylinder reaches the end of its stroke 
or the system overloads, the _ detent 
mechanism will be released automatically by 
hydraulic pressure sensed via the passage 
drilled through the centre of the spool. 


The drilled passage is open to the remote 
circuit system pressure at ‘E’ whenever the 
control valve spool is in the “RAISE” or 
‘‘LOWER" positions. As the system overloads, 
pressure oil in the drilled passage unseats the 
poppet and passes directly into passage ‘S’ to 
return to sump. As the poppet is unseated, oil 
also flows through the passage in the adjusting 
plug and pushes the detent piston outwards. 


This action causes the detent balls to be 
released from their detents and the outer 
centring spring returns the valve spool to the 
“NEUTRAL” position. 
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Figure 4 


Remote Control Valve Oil Flow — Neutral 


Figure 5 
Remote Control Valve Oil Flow — Raising 

, Reservoir, Suction . 
[Seay] Supply Pressure Oil and Exhaust Oil pene Trapped Oil 
1. Actuator Housing 9. To Tractor Hydraulic System 9. Outer Centring Spring 
2. Flow Control Valve Assembly 6. Drilled Passage 10. Detent Balls 
3. Control Valve Spool 7. Adjusting Plug 11. Inner Centring Spring 
4. To Sump 8. Detent Piston 12. Poppet 


11 


PART 8—HYDRAULIC SYST iE 


ie Se KA \ ch 


6 uss» TL UU UO YY 


5, aay ee 


S oO 


Figure 6 


Remote Control Valve Oil Flow — Lowering 


ae Supply Pressure Oil Reservoir, Suction fase Trapped Oil 


. Actuator Housing 


. Control Valve Spool 
To Sump 
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. Drilled Passage 


LOWERING 


and Exhaust Oil 
7. Adjusting Plug 


. Flow Control Valve Assembly 8. Detent Piston 


9. Outer Centring Spring 
10. Detent Balls 


. To Tractor Hydraulic System 11. Inner Centring Spring 


12. Poppet 


Note the location of the detent balls compared 
with their position in ‘NEUTRAL”. 


With reference to Figure 6. 


Oil from the piston end of the cylinder is forced 


When the remote control valve spool is pulled into port ‘R’ which is open to passage ‘S’. 
outwards to the “‘LOWER” position, oil in the Passage ‘S’ returns the oil to sump. 

galleries ‘E’ is prevented from passing to port 

‘H’ by the position of the control valve spool | 

lands. The supply oil pressure immediately The detent release function is the same as for 


rises to actuate the flow control valve. The oil when the valve is in the “RAISE” position 
then flows through the valve into passage ‘X’, except in this case the inner centring spring 
across the control valve spool and out at port returns the valve spool to the “NEUTRAL” 
‘L’ to lower or retract the cylinder. position. 
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CHAPTER 1 


Figure 7 


Remote Control Valve Oil Flow — Float 


[eee| Supply Pressure Oil 


. Actuator Housing 

Flow Control Valve Assembly 
Control Valve Spool 

To Sump 

To Tractor Hydraulic System 
. Drilled Passage 
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FLOAT | 


With reference to Figure 7. 


When the remote control valve spool is pulled 
fully outwards to the ‘‘“FLOAT” position, oil is 
prevented from flowing to the lower ‘L’ or raise 
‘R’ ports by the position of the control valve 
spool lands which block passages ‘X’ and ‘Y’. 


However, port ‘L’ is connected to port ‘R’ by 
the passage ‘S’ which allows oil to flow from 
the cylinder rod end (port ‘L’) to the cylinder 
piston end (port ‘R’) and the cylinder is 
therefore allowed to extend or retract as the 
heed arises. 


Reservoir, Suction 
and Exhaust Oil 
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ES Trapped Oil 


7. Adjusting Plug 

8. Detent Piston 

9. Outer Centring Spring 
Detent Balls 

. Inner Centring Spring 
Poppet 


Pump supply oil in the galleries ‘E’ flows across 
the open centre of the control valve spool and 
returns to the tractor hydraulic system via port 
“rs 


NOTE: The passage ‘S’ joins the pump supply 
oil return-to-sump gallery at the flow control 
valve within the tractor main hydraulic system. 
Therefore, a supply of low pressure oil is 
maintained in the passage ‘S’ to prevent 
voiding of the remote cylinder in the “FLOAT” 
function. 


The detent mechanism is not released 
automatically in the ‘“FLOAT” position as the 
drilled passage within the spool is blocked off 
from the remote circuit system pressure. 
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Figure 8 


Flow Control Valve — Minimum Flow 


Face Supply Pressure Oil oe 


. To Lower Port 

. To Control Valve Spool 

. To Tractor Hydraulic System 
Actuator 
Flow Poppet 

. Valve Spring 

. Flow Spring 

. Relief Poppet 
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FLOW CONTROL VALVE 
DESCRIPTION 


Each remote control valve spool has a 
manually operated flow control valve which 
meters the flow of oil to the remote cylinder 
thereby controlling the rate of response of the 
cylinder. 


The flow control knobs’ and _ their 
corresponding control valve levers are 
identified by numbers on the control panel 
decal. 


Reduced Pressure 
Oil 
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isk Trapped Oil 


. From Tractor Hydraulic System 
. TO Raise Port 


Guide 

. Metering Sleeve 
Washer 

Piston 

. Actuator Housing 


CWOMND moO 


a 


OPERATION 


Minimal Flow 


With reference to Figure 8. _ 


‘As the flow control knob is turned clockwise 
(Tortoise position) the tapered actuator moves 
inwards. The flow poppet forces the flow 
control valve piston and relief poppet assembly 
to the bottom of the bore within the guide. 


CHAPTER 1 meer 


BS Be." 


ros 
ms | 


ix 


J 


nh 
i 


lalofs 
i, 


¥ 


~ 


Figure 9 


Flow Control Valve — Maximum Flow 


emia Supply Pressure Oil — Trapped Oil 


A. To Lower Port D. From Tractor Hydraulic System 
B. To Control Valve Spool E. To Raise Port 

C. To Tractor Hydraulic System 

1. Actuator 6. Guide 

2. Flow.Poppet 7. Metering Sleeve 

3. Valve Spring 8. Washer 

4. Flow Spring 9. Piston 

5. Relief Poppet 10. Actuator Housing 


When the remote control valve spool is moved Maximum Flow 
to a raise or lower position, oil within the guide 
is pressurised and unseats the relief poppet. With reference to Figure 9. 


As the flow control knob is turned anti- 
Pressure oil now flows into the gallery leading clockwise (Hare position) the tapered actuator 
to the raise or lower port but due to the moves outwards. The flow poppet can now 
restriction across the relief poppet, the flow is rise to allow the flow control valve piston and 
reduced to a controlled minimum, see Page 11, relief poppet assembly a degree of movement 
‘Specifications’ — Chapter 4. within the guide. 
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When the remote control valve spool is moved 
to a raise or lower position, oil within the guide 
is pressurised and lifts the flow control valve 
piston and relief poppet assembly. Pressure oil 
now flows into the gallery leading to the raise 
or lower port and the lesser restriction ensures 
an increased flow up to a controlled maximum, 
see Page 11, ‘Specifications’ — Chapter 4. 


Under conditions of excess supply oil, pressure 
on the lower face of the metering sleeve will lift 
the sleeve against the valve spring to uncover a 
ring of holes in the lower section of the guide. 
Excess supply oil can now return through these 
holes directly to the tractor hydraulic system. 
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As the sleeve rises it also restricts the flow of oil 
to the raise or lower port. Therefore, as the 
system pressure varies, the sleeve continually 
meters and maintains the correct flow of oil to 
the remote cylinder. 


If the main hydraulic pump is stopped during a 
raise or lower cycle, the flow control valve 
piston and relief poppet assembly act as a load 
check valve to prevent the return of oil from the 
remote cylinder. 


PART 8 
HYDRAULIC SYSTEM 
Chapter 2 


HYDRAULIC POWER LIFT 
TRACTORS PRIOR TO APRIL 1985 


Section 


Page 


A. HYDRAULIC POWER LIFT — DESCRIPTION AND 


OPERATION 


A. HYDRAULIC POWER LIFT — DESCRIPTION AND OPERATION 


The hydraulic power lift is regulated both in 
Draft and Position Control by movement of the 
control valve. Depending upon the position of 
this valve, hydraulic oil is directed to effect a 
raise, lower or neutral action. 


The position of the control valve can be altered 
either by moving the lift control lever or by a 
force acting on the lower links when in Draft 
Control. 


Figure 1 
Lower Link Torsion Bar Reaction 


. Adjusting Screw 

. Draft Rod 

. Right Hand Lower Link Hanger 
Right Hand Lower Link 
Torsion Bar 

Left Hand Lower Link 

. Left Hand Lower Link Hanger 
Anchor 

. Draft Control Lever 
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DRAFT CONTROL 


The system of Draft Control uses the lower link 
signal to raise or lower the implement working 
depth to maintain a constant draft. When the 
system selector lever is pushed fully forward in 
the control console, the Draft Control system 
functions as follows: 


Figure 2 
Draft/ Position Control Linkage — Draft Control 


. Control Valve Lever 

. Connecting Rod 

. Control Valve 

Pivot Arm 

Draft Control Lever 
Draft/Position Control Guide 
Pivot Point 

Position Control Arm 

Ram Arm 

. Selector Shaft 
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RAISING 
With reference to Figure 1. 


During operation with the implement at normal 
working depth, the implement draft ‘loads’ a 
torsion bar through the left and right hand 
lower links and hangers. 


The hangers are splined to a hollow cross- 
shaft. Movement of the cross-shaft is resisted 
by the torsion bar splined into the hollow cross- 
shaft at one end and anchored to the rear axle 
casing at the other. 


As the draft increases, the resistance of the 
implement increases the pull on both lower 
links. This force causes the lower link hangers 
to turn the torsion bar in the direction indicated 
by the arrow. This twisting force on the torsion 
bar pulls the draft rods downwards causing the 
draft control lever to pivot rearwards. The draft 
control lever is connected to the control valve 
by the connecting rod, Figure 2. As the draft 
increases, the control valve is moved into the 
“RAISE” position to lift the implement slightly 
and reduce the draft load on the tractor. 


LOWERING 


Lowering of the implement (increasing the 
working depth) occurs when the draft 
decreases and the resistance of the implement 
lessens the pull on both lower links. The 
twisting force on the torsion bar decreases and 
allows the torsion bar to ‘unwind’. The 
resultant signal is transmitted through the 
linkage to the control valve which moves into 
the ‘‘LOWER’” position to drop the implement 
slightly and increase the load on the tractor. As 


the draft increases, lowering ceases and the 


full cycle of Draft Control correction Is 
repeated to maintain a constant working 
depth. 


Three degrees of Draft Control sensitivity are 
provided. 


Figure 3 
Draft/ Position Control Linkage — Position Control 


. Control Valve Lever 

. Connecting Rod 

. Control Valve 

. Pivot Arm 

Draft Control. Lever 
Draft/Position Control Guide 
. Pivot Point 

. Position Control Arm 

. Ram Arm 

. Selector Shaft 
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POSITION CONTROL 


With reference to Figure 3. 


The system of Position Control enables the 
working depth or height of an implement, 
relative to the tractor, to be pre-set and 
maintained. When the system selector lever is 
pulled fully rearwards in the control console to 
the Position Control setting, the Draft Control 
portion of the system is rendered inoperative. 
This is effected by the selector shaft raising the 
connecting rod which positions the guide end 
horizontally with the pivot point. Thus, the 
draft control will not respond automatically. 
Therefore, the lift has to be raised or lowered 
by manually moving the lift control lever which 
is connected to the control valve through the 
control valve lever. 
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Chapter 3 
COMPONENT OVERHAUL 
TRACTORS PRIOR TO APRIL 1985 


Section Page 
A. HYDRAULIC LIFT COVER ASSEMBLY 1 
B. HYDRAULIC LIFT CYLINDER AND CONTROL VALVE 
ASSEMBLY 7 
C. LOWER LINK TORSION BAR LINKAGE 12 
D. HYDRAULIC PUMP COVER AND VALVE ASSEMBLY, 
HYDRAULIC PUMP AND OIL INLET FILTER 15 
REMOTE CONTROL VALVES 28 
ADJUSTMENTS 36 


A. HYDRAULIC LIFT COVER ASSEMBLY 


REMOVAL 


1. Remove the cab or platform as detailed in 
Part 11, “SAFETY CABS AND PLAT- 
FORMS”. 


2. Disconnect the remote coupler from the 
remote valves. Plug the openings to 
prevent entrance of dirt into the hydraulic 
system. 


_ Figure 
P.T.O. Lever and Bracket Removal 
and Installation 


i Tek d Bracket Assembl 
3. Disconnect the P.T.O. control rod from  9' GontrolRod 


the lever and bracket assembly, Figure 1. 3. Lift Cylinder Mounting Bolts— Located under 
Remove the assembly from the lift cover. Lever and Bracket Assembly 
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Figure 2 Figure 3 
Remote Coupler Bracket and Lift Rod Removal Lift Cover Linkage and Control Tubes— 

1. Lift Arm as Viewed from the Right Rear 

2. Lift Rod 1. Pilot Pressure Tube 

3. Remote Coupler Bracket 2. System Pressure Tube 
3. Hydraulic Pump Cover 
4. R.H. Axle Housing 
5. Override Rod 
6. Lift Cover 


4. Remove the quick coupler attaching 
bracket from the hydraulic lift cover, 
Figure 2. Remove the quick coupler 
assembly and tubes from the tractor. 


5. Disconnect the lift rods from the lift arms. 


6. Disconnect the pilot pressure tube, the lift 
pressure tube and the override rod from 
both the hydraulic lift cover and pump 
cover, Figure 3. 


7. \f the lift cylinder and control valve 
assembly is to be removed from the cover, 
loosen the four bolts, Figure 1. 


8. Remove the hydraulic lift cover-to-centre  . f . i : 
housing attaching bolts. | 


Figure 4 
; Hydraulic Lift Cover Removal and Installation 
9. Attach the Lifting Fixture, Tool No. 1. Hydraulic Lift Cover 
FT.8610 or 1302, to the cover and lift the 2. oe oe 
assembly f 3. Draft Sensing Yoke 
Rory rom the housing as shown in 4° Too) No. FT.8610 or 1302 / 
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Figure 5 
Hydraulic Lift Cover Assembly 
1. Pilot Sleeve 
2. Oil Pressure Connecting Sleeve 
3. Control Valve Assembly 
4. Lift Cylinder 


DISASSEMBLY 


1. Use a suitable hoist to position the 
hydraulic lift cover on end as shown in 
Figure 5. 


2. Remove the oil pressure connecting sleeve 
and pilot sleeve from the side of the cover. 


3. Withdraw the four attaching bolts then 
remove the lift cylinder and control valve 
assembly from the lift cover. For 
disassembly of the lift cylinder and control 
valve assembly, see Page 9. 


4. Extract the split pin and retaining ring then 
remove the hydraulic lift connecting rod 
actuator assembly from the lift cover, 
Figure 6. 


5. Remove the hexagonal nut from the lift 
actuating lever, Figure 7. Carefully prise 
the lever from the lift cover. 
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Figure 6 
Hydraulic lift Cover Assembly Less Control 
Valve and Lift Cylinder 
1. Split Pin 
2. Connecting Rod Actuator Assembly 
3. Retaining Ring 
4. Hydraulic Lift Cover 


Figure 7 

Hydraulic Lift Position Control Levers and Shafts 
1. Lift Arms 10. Spacer 
2. Hexagon Nut 11. Position Control 
3. Spring Selector Shaft 
4. Retaining Ring 12. Roll Pin 
5. Position Control 13. Ram Arm 

Selector Lever 14. Retaining Rings 
6. Lift Actuating Lever 15. Lift Shaft 
7. Hexagon Nut 16. Position Control Lever 
8. Washers 17. Position Control Shaft 
9. Lift Actuating Shaft 18. Pin 
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6. 


10. 


11. 


12. 


13. 


14. 


Remove the woodruff key and friction disc 
from the lift actuating shaft. Tap the shaft 
from the lift cover. Remove the spring and: 
washers from the shaft. 


. Remove the retaining ring from the 


position control selector lever. Remove the 
lever and woodruff key from the shaft. Tap 
the shaft from the lift cover. 


. Withdraw the retaining ring from the end 


of the position control shaft then remove 
the position control lever. 


. Remove the hexagonal nut and lock 


washer from the position control shaft. 
Drive the pin from the lift cover and remove 
the shaft. 


Remove the attaching bolt and washers 
from each end of the lift shaft then pull the 
arms off the shaft. 


Move the retaining ring on the right side of 
the ram arm to the right as far as possible. 


Slide the ram arm to the right as far as 
possible then move the retaining ring, on 
the left side of the arm, up over the splines 
on the lift shaft. 


Use a hammer and brass drift to drive the 
lift shaft from right to left until the right- 
hand retaining ring and ram arm can be 
removed. Remove the ring and arm. 


Drive the lift shaft from right to left. Ensure 
the left-hand retaining ring does not catch 
in the right-hand groove as the shaft is 
driven from the cover. 


Figure 8 
Hydraulic Lift Arm Bushings and Seals 
1. Bushing 
2. Lift Shaft Seal 
3. Vent Plug 
4. Lift Cover 


INSPECTION AND REPAIR 


1. Clean ail parts thoroughly with a suitable 
solvent. 


2. Check the lift shaft seals for evidence of 
wear and the bushings for scoring, prise 
the seals from the lift cover and remove the 
bushings with a chisel. 


NOTE: A metal screw brazed or welded to the 
end of a slide hammer makes an ideal tool for 
removing the seals. The screw can be threaded 
into the metal portion of the seal, and the 
hammer used to pull the seal. 


3. Use a hammer and a suitable Step Plate 
from Kit, Tool No. 630S or 9210 to drive the 
bushings into place. Tap new seals into 
place with a mallet. 


4. Remove and clean the vent plug, Figure 8. 
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Figure 9 
Connecting Rod Actuator Assembly 


Roll Pin 
Pivot Pin 


. Draft and Position Control Guide 


Roller 
Clevis Pin 
Clevis 
Actuator 
Roll Pin 
Roll Pin 


. Pin and Roller 


. Remove all old gasket material from the 


surface of the lift cover. Check the surface 
for nicks and burrs. Use a stone, as 
required, to remove imperfections. 


. Check the pin and roller, pivot pin, roller, 


clevis pin and control guide for wear, 
Figure 9. If the parts are worn, drive out the 
roll pins to separate the assembly. 


. Remove the retaining’ rings and 


disassemble the actuator, Figure 10. 
Check the spring and bearing for damage 
or wear. Where necessary, install new 
parts. 
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10. 


Figure 10 
Connecting Rod Actuator— Exploded View 


. 13.77— 13.80 in (349 .6—350.4 mm) 
. Internal Retainer Ring 


Clevis 
Hexagon Nut 
Spring 

Rod 
Actuator 


. Retainer Ring 
. Bearings 


. Assemble the actuator assembly and 


adjust the clevis to obtain a dimension of 
13.77 to 13.80 in (349.6 to 350.4 mm) 
between the pivot points on the end of the 
actuator and the clevis. Lock the clevis in 
place with the hexagonal nut and securely 
tighten. 


. Inspect the O-ring seals on the oil pressure 


connecting sleeve and the pilot sleeve, 
Figure 5. Replace, if necessary. 


Inspect the O-ring seal on the position 
control selector shaft, Figure 7. Replace, if 
necessary. 


RE-ASSEMBLY 


1. Lubricate the lift shaft seals and bushings, 


Figure 8. Start to pass the lift shaft through 
the left-hand side of the hydraulic lift 
cover, Figure 7. Install one retaining ring, 
the ram arm and the second retaining ring, 
over the shaft as it passes through the 
cover. 


. Align the index mark on the arm with the 
index mark on the lift shaft. Complete the 
installation of the shaft and ram arm by 
seating the retaining rings in the grooves of 
the shaft. 


. Insert the position control shaft through 
the lift cover and drive the pin into place. 


. Attach the position control lever to the roll 
pin and secure to the position control shaft 
by installing the retaining ring on the end of 
the shaft. Install the lock washer and hex 
nut on the opposite end of the shaft. 


. Install the position control selector shaft 
and spacer. Install the woodruff key in the 
shaft. 


. Install the position control selector lever on 
the shaft and secure with the retaining 
ring. 


. Place the spring and washers in the lift 
actuating shaft. Insert the shaft through 
the lift cover. 


8. 


10. 


11. 


12. 


13. 


. Install 


Hees PARTS HYDRAULIC SYSTEYN yyy 


Install the friction disc, woodruff key and 
lift actuating lever on the shaft. Secure the 
lever with the hexagon nut. Tighten the 
nut to the specified torque, see Page 12, 
‘Specifications’ — Chapter 4. 


the connecting rod_ actuator 
assembly and secure with the retaining 
ring and split pin, Figure 6. Ensure the 
assembly is correctly adjusted, see Page 
36, ‘Connecting Rod Actuator Adjust- 
ment’. 


Assemble the lift cylinder and control valve 
assembly as detailed on Page 10. 


Install the assembled lift cylinder and 
control valve assembly in the hydraulic lift 
cover. Install the four bolts through the top 
of the lift cover to retain the assembly. The 
bolts should be tightened to the correct 
torque after the lift cover is secured to the 
centre housing, see Page 12, ‘Specifica- 
tions’ — Chapter 4. 


Install the pilot sleeve amd oil pressure 
connecting sleeve, Figure 5. Tighten the 
sleeves to the correct torques, see Page 12, 
‘Specifications’ — Chapter 4. 


Install the lift arms so the index on the arms 
and lift shaft align. Both arms are identical 
and can be installed on either end of the 
shaft. Retain the arms on the shaft with the 
bolts and washers previously removed. 
Tighten the bolts to the correct torque, see 
Page 12, ‘Specifications’ — Chapter 4. 
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INSTALLATION 


i: 


Place a new gasket on the hydraulic lift 
cover. 


Attach the Lifting Fixture, Tool No. 
FT.8610 or 1302, to the cover as shown in 
Figure 4. Lower the assembly into place so 
the dowels enter their mating holes in the 
centre housing and the roller enters the 
draft sensing yoke. 


. Remove the lifting fixture. 


. Install the hydraulic lift lower attaching 


bolts. Tighten the lift cover and lift cylinder 
retaining bolts to the specified torques, see 
Page 12, ‘Specifications’ — Chapter 4. 


. Connect the system pressure tube to the 


lift cover and the pump cover, Figure 5. 
Tighten the ends to the specified torques, 
see Page 12, ‘Specifications’ — Chapter 4. 


. Attach the override rod and linkage to the 


lift cover with a new split pin. 


7. Install the pilot pressure tube to the lift 


10. 


11. 


cover and the pump cover. Tighten the 
fittings to the correct torque, see Page 12, 
‘Specifications’ — Chapter 4. 


. Mount the remote coupler bracket on the 


lift cover, Figure 2. Connect the remote 
tubes to the remote control valves. 


. Attach the lever and bracket assembly to 


the lift cover, Figure 1. Tighten the 
attaching bolts to the correct torque, see 
Page 12, ‘Specifications’ — Chapter 4. Use 
two washers and a new split pin to connect 
the P.T.O. control rod to the assembly. 


Connect the lift rods to the lift arms and 
secure with new split pins. 


Install the cab or platform as detailed in 
Part 11, “SAFETY CABS AND PLAT- 
FORMS”. 


B. HYDRAULIC LIFT CYLINDER AND CONTROL VALVE ASSEMBLY 


REMOVAL 


1. 


Remove the hydraulic lift cover as detailed 
on Page 1. 


2. Use a suitable hoist to position the 


hydraulic lift cover on end as shown in 
Figure 5. 


Remove the oil pressure connecting sleeve 
and pilot sleeve from the side of the cover. 


Withdraw the four attaching bolts from the 
top of the cover and remove the lift cylinder 
and control valve assembly. 
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Figure 11 


“Ses es 


Hydraulic Lift Cylinder and Control Valve Assembly 


. Safety Valve Cap 
. Poppet Valve Plug 


O-Ring Seal 
Poppet Spring 
Ball Seat 

Ball 


. Lift Drop Poppet 

. Lift Drop Poppet Actuator 
. Control Valve Body 

. Head Bolt and Lock 


Washer 


. Check Ball 
. Check Ball Spring 
. Lift Check Ball Guide 


(Spring Type) 


. O-Ring Seal 
. Lift Check Plug 


16. 
17. 
18. 


19. 
20. 


21. 


Plugs and O-Ring Seals 
Exhaust Control Valve 
Exhaust Valve Control 
Spring 

Exhaust Pressure Valve 
Exhaust Valve Pressure 
Spring 

O-Ring Seal 


. Exhaust Valve Plug 

. Lift Control Valve Bushing 
. Lift Control Valve 

. Spring 

. Spring Seat 

. Spring Seat Retainer 

. O-Ring Seals 

. Back-up Ring 

. Control Valve Keeper 


. Roll Pin 

. Washer | 

. Lift Piston Seal 

. Lift Piston 

. Lift Shut-Off Piston 
. Lift Cylinder 

. O-Ring Seals 

. O-Ring Seal 

. Safety Valve Body 
. Safety Valve Seal 
. Safety Valve Seat 
. Ball 

. Ball Retainer 

. Spring 

. Shims 
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DISASSEMBLY 


With reference to Figure 11. 


Tag and identify all springs to ensure correct 
location on re-assembly. 


1. Remove the hexagon headed bolts and 
lock washers then separate the lift cylinder 
from the control valve body. 


2. Drive out the roll pin then remove the lift 
shut-off pivot and washer from the 
cylinder. 


3. Position the lift cylinder on blocks as 
shown in Figure 12. Use compressed air (30 
Ibf/in? (2 bar) maximum) to expel the 
piston from the cylinder. 


CAUTION: Light, sustained pressure will 
eject the piston from the cylinder. Do not use a 
sudden blast of air. 


4. Unscrew the safety valve assembly from 
the body, Figure 11. 


NOTE: The valve pressure is set by the use of 
shims. If disassembled, tag and identify the 
shims to ensure the same quantity are re- 
installed on re-assembly. 


5. Remove the plug then withdraw the lift 
drop poppet actuator, poppet, ball, ball 
seat and spring. 


6. Unscrew the lift control valve bushing. Pull 
the bushing from the body with the spring 
seat, spring, valve and keeper. 


Figure 12 
Hydraulic Lift Piston Removal 
1. Lift Cylinder 
2. Air Hose 
3. Lift Piston 


7. Remove the retainer, seat and spring from 
the bushing. 


8. Pull the valve and keeper from the bushing 


9. Insert a % in (3 mm) diameter drill through 
the hole in the valve. Use the drill as a 
handle to unscrew the keeper from the 
valve. 


10. Remove the plug then withdraw the 
exhaust pressure valve, exhaust control 
valve and springs. 


11. Remove the plug and collect the check ball 
and springs. 


12. Unscrew the remaining plugs to complete 
the disassembly of the control valve. 
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INSPECTION AND REPAIR. 


With reference to Figure 11. 


All parts of the hydraulic lift cylinder and 
control valve assembly are _— serviced 
individually with the exception of the safety 
valve body and cap and the control valve body. 
If the safety valve body or cap require to be 
serviced, the complete safety valve must be 
replaced. If the control valve body requires to 
be serviced the complete valve assembly must 
be replaced. 


1. Clean all parts thoroughly with a suitable 
solvent. 


2. Inspect the springs for damage or wear. If 
necessary, install new springs. 


3. Replace all seals and rubber goods with 
new parts on re-assembly. 


4. Check the lift control valve, exhaust valves 
and the lift drop poppet for nicks, burrs or 
scoring. Check the parts for freedom of 
movement in their respective bores. Install 
new parts where necessary. 


5. Check the lift drop poppet actuator for 
straightness. If the actuator is bent, install 
a new part. 


NOTE: /f any parts of the safety valve are 
replaced, other than seals, the valve must be 
pressure checked with equipment capable of 
maintaining 2800 Ibf/in? (193 bar) at 0.4 Imp. 
gal/min (0.5 U.S. gal/min) (1.91/min). If such 
equipment is not available, install a complete 
new valve assembly. 


RE-ASSEMBLY 


With reference to Figure 11. 


1. Insert the lift drop poppet actuator, long 
end first, into the control valve body. 


2. Install the lift drop poppet so the actuator 
enters the hole in the poppet, then install 
the ball. 


3. Place the ball seat on the poppet spring. 
Use a small amount of petroleum jelly to 
hold the seat in place. 


4. Insert the spring and seat into the body. 
Install the poppet valve plug and O-ring 
then tighten the plug to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 


5. Insert a ¥% in (3 mm) diameter drill through 
the hole in the lift control valve. Use the 
drill as a handle to screw the keeper into the 
valve. Remove the drill. 


NOTE: /f the keeper is not a snug fit in the 
valve, one or two drops of a proprietary brand 
of thread sealant can be applied rather than a 
new part installed. Ensure the threads of the 
keeper and valve are cleaned and the sealant 
applied in accordance with the manufacturers 
recommendations. 
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6. Attach the spring seat to the bushing with 13. Place a new seal on the lift piston. 


the retaining ring. Install the O-rings and 
back-up ring on the bushing. Ensure the 
back-up ring is installed on the keeper side 
of the O-ring. 


7. Drop the spring through the bushing to 


enter the seat then install the valve along 14. 


with the keeper. 


8. Screw the assembly into the body and 
tighten the bushing to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 
Adjust the control valve assembly as 


detailed on Page 37, ‘Lift Control Valve 15. 


Adjustment’. 


9, Place the exhaust control valve, small end 
first, into the valve body. Insert the spring 
then the exhaust pressure valve and 
spring. Install the exhaust valve plug and 
O-ring. Tighten the plug to the correct 


Lubricate the seal and piston freely with 


the specified hydraulic fluid, then install 
the piston into the cylinder. Be careful to 
avoid damage to the seal. 


Position the lift shut-off pivot and washer 
in the slot of the lift cylinder. Secure them 
in place with the roll pin. Ensure the slot in 
the pivot is positioned as shown in Figure 
11. 


Place new O—ring seals on the mating 
surface of the control valve body. Attach 
the body to the cylinder with the hexagon 
headed bolts and lock washers. Tighten 
the bolts to the correct torque, see Page 
12, ‘Specifications’ — Chapter 4. 


torque, see Page 12, ‘Specifications’ — INSTALLATION 


Chapter 4. 


With reference to Figure 5. 


IMPORTANT: Ensure the exhaust pressure 
valve is installed small end first. If the valve is 
installed backwards, the lift arms will fail to 
raise or lower. 


10. Insert the check ball and springs. Install the 
check ball plug and O-ring. Tighten the 
plug to the correct torque, see Page 12, 
‘Specifications’ — Chapter 4. 


11. Install the remaining plugs and O-rings. 


12. Assemble the safety valve and screw it into 3. 
the lift cylinder. 
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Install the assembled lift cylinder and 
control valve assembly in the hydraulic lift 
cover. Install the four bolts through the top 
of the lift cover to retain the assembly. The 
bolts should be tightened to the correct 
torque after the lift cover is secured to the 
centre housing, see Page 12, ‘Specifica- 
tions’ — Chapter 4. 


Install the pilot sleeve and oil pressure 
connecting sleeve. Tighten the sleeves to 
the correct torques, see Page 12, ‘Specifi- 
cations’ — Chapter 4. 


Install the hydraulic lift cover as detailed on 
Page 7, ‘Installation’. 
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C. LOWER LINK TORSION BAR LINKAGE 


(24, (26) 
Se 
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Figure 13 
Lower Link Torsion Bar Linkage 


1. Thrust Washer 18. Lock Washer 

2. Right-hand Hanger Spacer 19. Draft Rod End 

3. O-Ring Seal 20. Draft Rod 

4. Draft Control Arm 21. Washer 

5. Internal Retaining Ring 22. Split Pin 

6. External Retaining Ring 23. Draft Control Lever 
7. Hexagon Headed Bolt 24. Washer 

8. Lock Washer 25. Split Pin 

9. Washer 26. Draft Eccentric Shaft 
10. Right-hand Lift Link Hanger 27. Hexagon Nut 
11. Hanger Stop 28. Split Pin 
12. Lock Washer 29. Washer 
13. Hexagon Headed Bolt 30. Woodruff Key 
14. Lift Link Torsion Bar 31. Thrust Washer 
15. Left-hand Lift Link 32. O-Ring Seal 
16. Torsion Bar Anchor 33. Headless Set Screw 
17. Hexagon Headed Bolt 34. Hexagon Jam Nut 
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REMOVAL AND DISASSEMBLY 


With reference to Figure 13. 


1. Drain the oil from the rear axle centre 
housing. Be prepared to _ drain 
approximately 17 Imp. gallons (20 U.S. 
gallons) (76 litres). 


2. Remove the hydraulic lift cover as detailed 
on Page 1. 


3. Remove the lower links from the left-hand 
and right-hand lift link hangers, Figure 13. 


4. Remove both retaining rings. 


5. Withdraw the hexagon headed bolt, 
lockwasher and flat washer then remove 
the right-hand lift link hanger from the end 
of the left-hand lift link hanger. Remove 
the thrust washer spacer and O-ring seal. 


6. Remove the hexagon headed bolts and 
lock washers from the torsion bar anchor. 
Pull the anchor, along with the lift link 
torsion bar, from the hanger. 


NOTE: /f the torsion bar does not come out 
with the anchor, drive the shaft from the 
hanger with a hammer and brass drift. Drive 
the bar from right to left. 


7. Loosen the hexagon nut. Extract the split 
pin and washer from the eccentric shaft 
then remove the shaft from the centre 
housing. 


8. Loosen the jam nut and remove the set 
screw, Figure 14. 


9. Slide the draft control arm from the 
shoulder of the hanger. 
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10. 


11. 


12. 


13. 


14. 
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Figure 14 
Draft Control Arm Linkage 


. Split Pinand Washer 7. Draft Rod End 

. Draft Control Arm 8. Draft Rod 

. Left-hand Hanger 9. Eccentric Shaft 
. Jam Nut 10. Split Pin and Washer 
. Set Screw 11. Draft Control Lever 
. Split Pin and Washer 


Extract the split pin and washer then 
disconnect and remove the draft rod end 
from the control arm. 


Extract the split pin and washer then 
separate the draft rod from the draft 
control lever. 


Pull the hanger from the centre housing to 
a point where access can be gained to the 
woodruff key. Remove the control arm and 
the woodruff key then pull the hanger from 
the centre housing. 


Remove the O-ring seal and thrust washer 
from the hanger. 


Withdraw the hexagon headed bolt and 
lock washer then remove the hanger stop 
from the left-hand side of the centre 
housing. 
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INSPECTION AND REPAIR 


1. Check and wash all parts thoroughly witha 
suitable solvent. 


2. Inspect all splined parts for nicks and burrs. 
Use a stone, as required, to remove 
imperfections. Ensure mating parts fit 
together freely. 


3. Examine the torsion bar, the draft control 
arm and the left and right-hand lift link 
hangers for cracks. 


4. Check the left-hand lift link hanger for 
freedom of movement in the rear axle 
centre housing bushings. If binding exists, 
remove and install new bushings. 


5. Discard all O-rings and replace them with 
new parts during re-assembly. 


RE-ASSEMBLY AND INSTALLATION 
With reference to Figure 13. 


1. Place the thrust washer and O-ring over the 
left-hand hanger. 


2. Start the hanger through the left-hand side 
of the centre housing then slip the draft 
control arm over the hanger. Install the 
woodruff key. 


3. Place ihe torsion bar anchor over the 
splines on the torsion bar so the alignment 
marks are aligned. Both ends of the torsion 
bar are symmetrical so the anchor can be 
installed on either end. 


4. Insert the torsion bar through the left-hand 
hanger so the alignment mark on the 
hanger aligns with the mark on the torsion 
bar. 
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10. 


11. 


Install the hexagon headed bolt and 
lockwasher to secure the anchor to the 
centre housing. 


Tighten the bolt to the correct torque, see 
Page 12, ‘Specifications’ — Chapter 4. 


. Place the O-ring seal over the protruding 


end of the left-hand hanger to seat against 
the centre housing. Install the spacer then 
the thrust washer. 


. Install the right-hand hanger so the index 


marks on both hangers are aligned. Install 
the external retaining ring. 


. Install the flat washer and secure with the 


internal retaining ring. Install the lock 
washer and hexagon headed bolt to secure 
the torsion bar. Tighten the bolt to the 
correct torque, see Page 12, ‘Specifica- 
tions’ — Chapter 4. 


. Attach the draft control lever to the draft 


rod and secure with the washer and split 
pin, Figure 14. 


Install the draft rod end on the draft rod 
then connect the assembly to the draft 
control arm and secure with the washer 
and split pin. 


Position the draft control arm over the 
woodruff key in the left-hand hanger and 
secure with the set screw and jam nut. 
Tighten the jam nut to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 
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12. Install the eccentric shaft through the 
centre housing and draft control lever as 
shown in Figure 14. Retain the lever on the 
shaft with the washer and split pin. 


13. Adjust the eccentric shaft and draft rod as 
detailed on Page 37, ‘Draft Control Rod 


Adjustment’. 


14. Install the hanger stop and secure with the 
hexagon headed bolt and lock washer. 
Adjust the stop as detailed on Page 41, 
‘Draft Control Lower Linkage Stop Adjust- 


ment’. 


15. Attach the lower links to the left and right- 
hand hangers. 


16. Install the hydraulic lift cover as detailed on 
Page 7, ‘Installation’. 


17. Fill the rear axle centre housing with the 
correct grade and quantity of lubricant, see 
Page 13, ‘Specifications’ — Chapter 4. 


D. HYDRAULIC PUMP COVER AND VALVE ASSEMBLY, HYDRAULIC PUMP 


AND OIL INLET FILTER 


HYDRAULIC PUMP COVER 
REMOVAL 
With reference to Figure 15. 


NOTE: The hydraulic pump cover on TW-5, 
TW-15 and TW-25 tractors houses the 
differential lock valve in addition to the 
hydraulic lift valves. The differential lock valve 
on the TW-35 tractor is not incorporated in the 
hydraulic pump cover. For service procedures 
on the TW-35 differential lock valve, refer to 
Part 7, Chapter 2, ‘Servicing the Rear Axle 
Assembly and Brakes’. 


1. Drain the oil from the rear axle centre 
housing. Be prepared to drain 
approximately 17 Imp. gallons (20 U.S. 
gallons) (76 litres). 


2. Remove the remote control valve access 
panel from the cab or platform floor or from 
under the right-hand side of the cab or 
platform. 
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Figure 15 


Hydraulic Pump Cover and Valve Assembly 
Removal and Installation — TW-25 Tractor Shown 


. Split Pin 

Hydraulic Pump Cover and Valve Assembly 
P.T.O./Differential Lock Valve Pressure Line 
. Intake Filter 

Intake Filter Manifold 

Return Line Filter 
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Figure 17 
Hydraulic Pump Cover and Valve Assembly 
Removal and Installation— TW-35 Tractor Shown 
1. Low Pressure Hydraulic System Regulating 
. System Pressure Tube Valve 


Figure 16 
Hydraulic Lift Cover Linkage and Control Tubes 
—as Viewed from the Right Rear 

. Pilot Pressure Tube 


P.T.O. Pressure Line 

. Differential Lock Pressure Line 

. Intake Filter Manifold 

. Hydraulic Pump Cover and Valve Assembly 


. Hydraulic Pump Cover and Valve Assembly 
. Right-hand Axle Housing 

. Override Rod 

. Lift Cover 
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3. Unscrew the manifold and remote control 8. For TW-5, TW-15 and TW-25 Tractors, 


valve attaching bolts until they are free of 
the hydraulic pump cover. 


. Raise the remote control valve stack 


slightly to disengage them from the 
hydraulic pump cover. Wire the valve stack 
securely to adjacent tractor components 
as required to hold them securely in place 
above the pump cover. 


. Withdraw the three retaining bolts and 


gently pull the intake filter manifold away 
from the centre housing. 


. Remove the pilot pressure tube and system 


pressure tube, Figure 16. 


. Disconnect the override rod and spring 


from their attaching points on _ the 
hydraulic pump cover assembly. 
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remove the split pin and disconnect the 
differentail lock pedal shank from the 
differential lock valve. 


Disconnect the P.T.O./differential lock 
valve pressure line from the hydraulic 
pump cover and valve assembly and also 
from the tee fitting on the top right of the 
transmission. (To gain access to the tee 
fitting it may be necessary to remove the 
transmission access panel located on the 
cab or platform floor). Plug all openings to 
prevent dirt from entering the hydraulic 
system. 


. For TW-35 Tractors, disconnect the 


P.T.O. pressure line and the differential 
lock pressure line from the hydraulic pump 
cover and valve assembly, Figure 17. 
Disconnect the P.T.O. pressure line at the 
regulating valve. (To gain access to the 
regulating valve, it may be necessary to 
remove the transmission access panel 
located on the cab or platform floor). Plug 
all openings to prevent dirt from entering 
the hydraulic system. 
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Figure 18 

Variable Flow Control Valve— Exploded View 
1. Arm 9. Arm 
2. Toll Pin 10. Friction Washer 
3. Gland and O-Ring Seal 11. Back-up Ring 
4. Spring Washer 12. O-Ring Seals 
5. Flow Valve 13. Back-up Ring 
6. Hydraulic Pump Cover 14. Lever 
7. Override Spring 15. Shim(s) 
8. Roll Pin 


10. Remove the hydraulic oil filter from the 
pump cover to gain access to some of the 
pump cover retaining bolts. 


11. Remove the pump cover and valve 
assembly attaching bolts, then carefully 


prise the cover from the centre housing. 


12. Withdraw the four attaching bolts and 
separate the hydraulic pump from the 


cover. 


DISASSEMBLY 


With reference to Figure 18. 


1. Drive out the roll pins and remove both 
arms from the variable flow control valve. 
Remove the shims. 
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Figure 19 
TW-5, TW-15 and TW-25 Differential Lock Valve — 


Exploded View 
Guide 5. Hydraulic Pump Cover 
Rod 6. Seal Location 


. Differential Lock Valve 7. O-Ring Seal 
. Return Spring 


8. Seal Location 


Unscrew the gland and remove the spring 
washer, lever and friction washer. Remove 
the O-ring from the gland. 


Pull the variable flow control valve 
restrictor from the filter side of the 
hydraulic pump cover assembly. 


Remove the O-ring seals and back-up rings 
from the control valve. 


For TW-5, TW-15 and TW-25 Tractors, 
loosen the cap and pull the diferential lock 
valve assembly from the hydraulic pump 
cover assembly, Figure 19. 
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Figure 20 
Hydraulic System Relief Valve — Exploded View 


Seal 

. O-Ring Seals 

. Relief Valve Body 
Seat 

Relief Valve— Assembled 
Spring 

. Hydraulic Pump Cover 
. Relief Valve Cap 
Shims 

. Retainer 

. Ball 
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6. Unscrew the system relief valve assembly 
from the hydraulic pump cover assembly, 
Figure 20. 


7. Unscrew the relief valve cap from the body 
and disassemble the valve. 


NOTE: 7he valve relief pressure is set by the 
use of shims. Tag and identify the shims to 
ensure the same quantity are re-installed on re- 
assembly. 


8. Unscrew the connector and remove the 
flow control valve spool and spring from 
the: locating bore in the hydraulic pump 
cover assembly, Figure 21. 
Remove the O-ring seal from the 

connector. 


NOTE: Due to the close fit of the flow control 
valve spool, it may be necessary to thread a 
screw into the valve so the valve can be pulled 
from the bore. 
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Figure 21 
Flow Control Valve— Exploded View 


. Connector 

. Valve Spring 

. Hydraulic Pump Cover 

. System Pressure Sleeve 
. Flow Control Valve 

. O-Ring Seal 
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9. Remove all fittings and plugs. 


INSPECTION AND REPAIR 


All parts of the hydraulic pump cover assembly 
are serviced individually with the exception of 
the cover itself. If the cever is damaged, the 
complete assembly must be replaced. 


The flow control valve is a select fit in the bore 
of the hydraulic pump cover to give a clearance 
of 0.0005—0.0011 in (0.0127—0.0278 mm). If 
the valve is worn or damaged, select a valve 
size from the following chart to give the correct 
clearance. The valves and hydraulic pump 
covers are colour coded for easy identification 
as to size. 


NOTE: The flow control valve should fit so that 
when lightly lubricated it will just slide through 
the valve bore without binding. 


FLOW CONTROL VALVE BORE 


INCHES MILLIMETRES 


0.9379/0.9376 
0.9382/0.9379 
0.9385/0.9382 
0.9388/0.9385 
0.9391/0.9388 


23.823/23.815 
23.830/23.823 
23.383 /23.830 
23.846/23.838 
23.853/23.846 


COLOUR 
CODE 


Blue/White 
White 
Blue 
Yellow 
Green 


FLOW CONTROL VALVE 
OUTSIDE DIAMETER 


0.9371/0.9368 
0.9374/0.9371 
0.9377/0.9374 
0.9380/0.9377 
0.9383/0.9380 


23.802/23.795 
23.810/23.802 
23.818/23.810 
23.825/23.818 
23.833/23.825 


Clean all parts and the pump cover in a 
suitable solvent. Use compressed air (30 
lbf/in? (2 bar) maximum) to blow out all 
passages. 


Use a light to inspect all passages. If dirt or 
blockage exists, reclean the passages. 


Check the system relief valve spring and 
the flow control valve spring for wear or 
damage. For TW-5, TW-15 and TW-25 
Tractors, check the differential lock valve 
spring for wear or damage by comparing 
with a new spring. If necessary, replace the 
springs. 


For TW-5, TW-15 and TW-25 Tractors, 
inspect the seal in the differential lock valve 
cap for damage or wear. If necessary, prise 
the seal from the cap and install a new seal. 


Check the variable flow control valve spool 
and the flow control valve spool for nicks, 
burrs and scoring. For TW-5, TW-15 and 
TW-25 Tractors, check the differential lock 
regulating valve and the control valve for 
nicks, burrs and scoring. Check all valves 
and spools for freedom of movement, 
when lubricated, in their respective bores. 
Check the bores for wear. Install new parts 
where necessary. 


5. Inspect the friction washer and the steel 
spring washer for damage or wear. The 
purpose of the friction and spring washers 
is to keep tension on the lever. If the 
washers are worn excessively, the lever will 
be loose and will not hold the setting that 
the operator selects with the flow control 
knob resulting in unsatisfactory operation. 


NOTE: /f any parts of the system relief valve 
are replaced, other than seals, the valve must 
be pressure checked as outlined in Chapter 4, 
Section B, Page 6. 


6. Replace all O-ring seals with new parts on 
re-assembly. 


RE-ASSEMBLY 


1. Insert the flow control valve into the 
hydraulic pump cover assembly, hollow 
end first, Figure 21. 


2. Place the spring over the valve and install 
the O-ring seal and connector. 


3. Install the system pressure sleeve. 


4. Assemble the system relief valve and install 
in the hydraulic pump cover assembly. 
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5. 


TW-5, TW-15 and TW-25 Tractors: 


(a) Place the return spring in the 
differential lock bore of the hydraulic 
pump cover assembly. Install the 
differential lock control valve over the 


return spring. 


Insert the actuating rod through the 
cap and O-ring. Screw the assembly 
into the pump cover assembly. 
Tighten the cap securely. 


(b) 


. Ensure the back-up rings on the variable 


flow control valve are installed on the 
outboard side of the O-ring seal. Insert the 
valve, long end first, into the hydraulic 
pump cover assembly so the slot in the 
valve is pointing towards the top of the 
cover. 


. Place the friction washer on the pump 


cover as shown in Figure 18. Hold in place 
with a small amount of grease. Place the 
spring washer and lever over the gland and 
O-ring seal assembly then screw the gland 
into the pump cover. Tighten the gland to 
the correct torque, see Page 12, ‘Specifica- 
tions’ — Chapter 4. 


NOTE: 7he cupped side of the spring washer 


faces toward the /ever 


when correctly 


assembled. 


8. Place the shim(s) and arm over the shaft 


10. 


. Place the variable flow control 


and secure with the roll pin. 


valve 
override spring and arm over the end of the 
valve spool and secure with the roll pin as 
shown in Figure 22. Ensure the spring has 
approximately one turn of wind-up 
tension. 


Measure the end play of the variable flow 
control valve using a feeler gauge between 
the arm and the pump cover, Figure 18. If 
the end play is not within specifications, 
add or remove shims, as necessary, to 
obtain the correct end play. See Page 11, 
‘Specifications’ — Chapter 4. 
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Figure 22 


Variable Flow Control Valve Override 
Spring Installation 


. Hydraulic Pump Cover 

. Override Spring 

. Roll Pin 

. Variable Flow Valve End 
Arm 


11. Install all remaining plugs and O-ring seals. 


12. 


13. 


Ensure a new O-ring seal is installed 
between the hydraulic pump and cover. 
Use the four bolts to attach the pump to 
the hydraulic pump cover and valve 
assembly. Tighten the bolts to the correct 
torque, see Page 12, ‘Specifications’ — 
Chapter 4. 


For TW-5, TW-15 and TW-25 Tractors, 
install the return tube in the pump cover, 
Figure 23. No seals are required. The return 
tube, when installed, directs return oil to 
the rear axle centre housing below the oil 
level to prevent foaming. 
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Figure 23 


Return Tube and Inlet Manifold Installation — 


View Shown for Reference Purposes Only 
Pump Drive Gear 


. Inlet Manifold 


Pump 


_ Inlet Filter Manifold 
. Pump Cover and Valve Assembly 
. Return Tube—TW-5, TW-15 and TW-25 


Tractors Only 


INSTALLATION 


iF 


Ensure all old gasket material is removed 
from the mating surface of the hydraulic 
pump cover and valve assembly and the 
rear axle centre housing. Install a new 
gasket on the hydraulic pump cover and 
valve assembly. 


Position the assembly on the side of the 
centre housing. Ensure the dowels enter 
their mating holes then install the attaching 
bolts and tighten to the correct torque, see 
Page 12, ‘Specifications’ — Chapter 4. 


Install the pump inlet manifold-to-filter 
inlet manifold tube in the pump inlet 
manifold. 


Install new O-ring seals in the inlet filter 
manifold, Figure 24. Install anew gasket on 
the inlet filter manifold using a small 
amount of grease to hold it in place. Install 
the inlet filter manifold making sure both 
tubes enter the manifold. Tighten the three 
attaching bolts to the correct torque, see 
Page 12, ‘Specifications’ — Chapter 4. 
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Figure 24 
Inlet Filter Manifold 


1. Manifold 
2. Tube Seals 


5. Connect the override rod and spring to the 
override lever, Figure 16. 


6. Connect the flow control rod to the flow 
control lever. 


7. Install the system pressure tube and pilot 
pressure tube. Tighten the pilot and 
system pressure tube fittings to the correct 
torques. Tighten the other end at the 
hydraulic pump cover to the correct 
torque, see Page 12, ‘Specifications’ — 
Chapter 4. | 


8. For TW-5, TW-15 and TW-25 Tractors, 
use a new split pin to connect the 
differential lock pedal shank to the 
differential lock valve. Connect the 
P.T.O./differential lock valve pressure line 
to the hydraulic pump cover and valve 
assembly and to the tee fitting on the top 
right-hand side of the transmission. 
Securely tighten the fittings. 
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9. For TW-35 Tractors, connect the P.T.O. 
pressure line and the differential lock 
pressure line to the hydraulic pump cover 
and valve assembly. Also, connect the 
P.T.O. pressure line to the regulating 
vaive. 


10. Install two new hydraulic oil filters. 


11. If equipped, install the remote control 
valves as detailed on Page 36. 


12. Fill the rear axle centre housing with the 
correct grade and quantity of lubricant, see 
Page 13, ‘Specifications’ — Chapter 4. 


13. Check the system for correct performance. 


HYDRAULIC PUMP 
TW-5, TW-15 AND TW-25 


REMOVAL 
Remove the hydraulic pump as detailed on 


Page 15, ‘Hydraulic Pump Cover and Valve 
Assembly’. 


DISASSEMBLY 


1. Withdraw the four attaching bolts and 
remove the pump inlet manifold. 


2. Remove the split pin and nut securing the 
pump drive gear. Use a suitable puller to 
remove the drive gear. 


3. Extract the woodruff key from the shaft. 


4. Withdraw the sixteen bolts and lock 
washers securing the front and rear cover 
to the body. 


5. Remove the rear cover by lightly tapping 
the pump shaft with a rubber mallet. (The 
front and rear covers are located on the 
body by dowels). After the rear cover is 
removed, lightly tap the gear shafts with a 
rubber mallet to remove the front cover. 


6. Remove the components from the pump 


and lay them out in the order they were 
removed, refer to Figure 25. Pay particular 
attention to how the front bearing and rear 
bearing were installed. 


7. Remove the pressure loading rings from 


the front and rear covers. 


8. Remove the sealing rings from the front 


cover and pump body. 


INSPECTION AND REPAIR 


All components of the hydraulic pump are 
serviced individually with the exception of the 
gears, body, front and rear covers. 


1. Clean all parts thoroughly with a suitable 
solvent. 


2. Examine the pump body for wear in the 
gear running track area. If worn deeper 
than 0.0025 in (0.06 mm), install a new 


pump. 


3. Check the gears for excessive wear. The 
maximum run-out across the gear face-to- 
tooth edge should not exceed 0.001 in 
(0.025 mm). The face width of the paired 
gears must be within 0.0002 in (0.005 mm) 
of each other and the journal size on each 
side of the individual gear must be within 
0.0005 in (0.013 mm) of each other. 
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Figure 25 

Hydraulic Pump— Exploded View— TW-5, TW-15 and TW-25 Tractors 
1. Rear Cover 8. Front Cover 
2. Pressure Loading Rings 9. Cover Sealing Rings 
3. Pump Body 10. Pressure Loading Rings 
4. Rear Bearing 11. Front Bearing 
5. Bearing Recess 12. Driven Gear 
6. Drive Gear 13. Pump Outlet 
7. Bearing Recess 14. Cover Sealing Rings 


4. Worn journals can be polished with ‘O” 
grade emery paper to remove wear marks. 
The face of the gears can be polished by 
sandwiching ‘O’’ grade emery paper 
between the gear face and a scrap bearing 
then rotating the gear. 


5. Check the bearings for wear or scoring. If 
deep wear marks exist, replace the 
bearings. 


6. Inspect the seal in the front cover, Figure 
26. If a new seal is required, remove the 
retaining ring and prise the seal from the 
cover. Install a new seal and secure with 
the retaining ring. Figure 26 

Hydraulic Pump Front Cover and Seal— TW-5, 
TW-15 and TW-25 Tractors 


: 1. Retaining Rin 
7. Replace all seals with new parts on re- 2. Front eave a 


assembly. 3. Seal 
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Figure 27 
Hydraulic Pump Bearings— TW-5, TW-15 and 
TW-25 Tractors 


1. Recess 
2. Relief Grooves 


RE-ASSEMBLY 


As the components of the pump are 
assembled, lightly lubricate each with a high 
temperature grease to protect the pump from 
damage during the initial start-up. Take care to 
prevent any dirt or foreign material from 
coming into contact with any of the 
components. 


1. 


Place the front bearing and rear bearing 
over the drive and driven gears, Figure 25. 
Make certain that the recess in each 
bearing is against the gear faces and that 
the relief grooves will be on the outlet side 
of the pump. (Figure 27 illustrates the relief 
grooves and the recess in the bearings). 


Install the assembled gears and bearings in 
the pump body (relief grooves of the 
bearings towards the outlet side of the 
pump). 


Pack the cavity around the shaft seal in the 
front cover with high temperature grease. 


Install the front cover along with new 
seals. Tighten the front cover attaching 
bolts to the correct torque, see Page 12, 
‘Specifications’ — Chapter 4. 


Install the rear cover sealing ring in the rear 
of the pump body and the rear pressure 
loading ring in the rear cover. Install the 
rear cover to the pump body and tighten 
the attaching bolts to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 


Install the woodruff key, the drive gear and 
retaining nut on the pump drive sheft. 
Tighten the retaining nut to the correct 
torque, see Page 12, ‘Specifications’ — 
Chapter 4. Secure the nut with a new split 
pin. 


Use the four bolts to attach the pump inlet 
manifold to the hydraulic pump. Ensure 
new O-ring seals are installed between the 
pump and the manifold and within the 
inside diameter of the manifold at the inlet 
filter end. Tighten the attaching bolts to 
the correct torque, see Page 12, ‘Specifica- 
tions’ — Chapter 4. 


INSTALLATION 


Install the hydraulic pump as detailed on Page 


CHAPTER 3 === 
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Figure 28 
Hydraulic Pump— Exploded View— TW-35 Tractors 


. Pressure Pre-Load Seals 


Rear Cover 


. Pressure Load Seals 
. Wear Plates 
. Driven Gear. 
. Wear Plates 
. Pressure Load Seals 


HYDRAULIC PUMP TW-35 


REMOVAL 


Remove the hydraulic pump as detailed on 
Page 15, ‘Hydraulic Pump Cover and Valve 
Assembly’. 


DISASSEMBLY 


1. 


2. 


Withdraw the four attaching bolts and 
remove the pump inlet manifold. 


Remove the split pin and nut securing the 
pump drive gear. Use a suitable puller to 
remove the drive gear. 


Extract the woodruff key from the shaft. 


Remove the five bolts and lockwashers 
holding the pump together. (Note that one 
bolt is shorter than the others). 
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. Front Cover 

. Pressure Pre-Load Seals 
. Ring Seals 

. Drive Gear 

. Body 

. Ring Seals 


Remove the rear cover by lightly tapping 
the pump shaft with a rubber mallet. (The 
front and rear covers are located on the 
body by dowel pins). After the rear cover is 
removed, lightly tap the gear shafts with a 
rubber mallet to remove the front cover. 


Remove all of the pump components and 
lay them out in the order they were 
removed, refer to Figure 28. 


INSPECTION AND REPAIR 


All components of the hydraulic pump are 
serviced individually with the exception of the 
gears, body and front and rear covers. 


Clean all parts thoroughly with suitable 
solvent. 


Examine the pump body for wear in the 
gear running track area. If excessively 
worn, replace the pump. 
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Figure 29 Figure 30 
Hydraulic Pump Front Cover and Seal— Hydraulic Pump Wear Plate Installation — 
TW-35 Tractors TW-35 Tractors 


. Front Cover 
. Ring Seals 
. Rear Cover 


1. Seal 


Check the gears for excess wear. The 
maximum run-out across the gear face-to- 
tooth edge should not exceed 0.00035 in 
(0.009 mm). The face width of paired gears 
must be within 0.0005 in (0.013 mm) of 
each other and the journal size on each side 
of the individual gear must be within 0.0005 
in (0.013 mm) of each other. 


The face of the gears can be polished by 
sandwiching ‘‘O’’ grade emery paper 
between the gear face and a scrap wear 
plate then rotating the gear. 


Check bushings in the front and rear 
covers. If worn, replace the pump. 


Check both wear plates, Figure 28. If 
excessively worn replace them. 


Inspect the seal in the front cover, Figure 
29. If damaged, prise out the old seal and 
replace with a new one. 


Replace all seals with new parts on re- 
assembly. 


AWN — 


. Wear Plates 


RE-ASSEMBLY 


With reference to Figure 28. 


As the components of the pump are re- 
assembled, lightly lubricate each with a high 
temperature grease to protect the pump from 
damage during the initial start-up. Take care 
on re-assembly to prevent dirt or foreign 
material from coming into contact with any of 
the pump components. 


1. 
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Install a black pressure pre-load seal in both 
the front and rear covers. Install a blue 
pressure load seal on top of the black 
pressure pre-load seals. 


Install a ring seal in both the front and rear 
covers. 


Install a wear plate in both the front and 
rear covers with the bronze side facing out, 
Figure 30. Note that the diamond-shaped 
holes in the wear plates are placed over the 
larger holes (intake ports) in the front and 
rear covers. Also note that the wear plates 
fit in the inside diameters of the ring seals. 


Figure 31 
Hydraulic Pump— TW-35 Tractors 


1. Intake Port 
2. Pump Body 
3. Shortest Cap Screw is installed in this position 


4. 


Install the drive gear and driven gear in the 
front cover. Carefully install the pump 
body over the gears making sure that the 
dowels enter the dowel holes in the cover. 
Note that the body is correctly positioned 
when the intake manifold bolt holes in the 
body are as close as possible to the intake 
port in the front cover as shown in Figure 
31. 


Secure the components with the five 
socket head cap screws and washers. Note 
that one of the cap screws is shorter than 
the others and must be installed in the 
position as shown in Figure 31. Tighten the 
cap screws to the correct torque, see Page 
12, ‘Specifications’ — Chapter 4. 


Install the woodruff key, the drive gear and 
retaining nut. Tighten the retaining nut to 
the correct torque, see Page 12, ‘Specifica- 
tions’ — Chapter 4. Secure the nut with a 
new split pin. 
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Figure 32 
Inlet Filter Manifold 


1. Manifold 
2. Tube Seals 


7. Use the four bolts to attach the pump inlet 


manifold to the hydraulic pump. Ensure 
new O-ring seals are installed between the 
pump and the manifold and within the 
inside diameter of the manifold at the inlet 
filter end. Tighten the attaching bolts to 
the correct torque, see Page 12, ‘Specifica- 
tions’ — Chapter 4. 


INSTALLATION 


Install the hydraulic pump as detailed on Page 


21. 


INLET FILTER MANIFOLD 


REMOVAL AND INSTALLATION 


With reference to Figure 32. 


1. 


Drain the oil fromm the rear axle centre 
housing. Be prepared to drain 
approximately 17 Imp. gallons (20 U.S. 
gallons) (76 litres). 
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2. Remove the three manifold-to-centre 
housing bolts and carefully prise the 
manifold off the centre housing. 


3. Extract the manifold-to-tube seals and 
remove the gasket material from the 
manifold and centre housing. 


NOTE: The by-pass valve is pressed into the 
manifold heusing and is serviced as an 
assembly only. Check to see if the spring has 
broken. If broken, replace the valve as an 
assembly. There is no adjustment made on the 
valve. 


4. Place new tube seals in the manifold inlet 
and outlet ports. Lightly lubricate. 


5. Place a new gasket on the manifold. Use 
grease to hold it in place. 


6. Guide the manifold onto the manifold inlet 


and outlet tubes. Ensure the tubes enter 
the manifold, if not, the pump could be 
seriously damaged due to cavitation. 
Tighten the attaching bolts to the correct 
torque, see Page 12, ‘Specifications’ — 
Chapter 4. 


E. REMOTE CONTROL VALVES 


REMOVAL 
With reference to Figure 33. 


1. Clean the remote control valves and 
surrounding area of all dirt and grease with 
a pressure washer. 


NOTE: The remote contro! valves are 
accessible after removal of the access panel 
from the cab or platform floor or from under 
the right-hand side of the cab or platform. 


2. Disconnect the remote valve tubes from 
the remote valves. Cap or plug all fittings 
and ports to prevent entry of dirt into the 
system. 


3. Remove the split pins and washers and 
disconnect the control rods from the valve 
linkage brackets. 


at 


Figure 33 
Remote Control Valve Tubes and Flow Control 
Cables— Tractor shown is Equipped with Two 
Remote Control Valves 
1. Remote Valve Tubes 
2. Hydraulic Pump Cover and Valve Assembly 
3. Flow Control Cables 


x 
. 
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Figure 35 
Flow Control Cables Remote Control Valve Linkage Bracket Removal 


and Installation 


1. Linkage Bracket 
2. Valve Spool 

3. Attaching Pin 
4. Split Pin 


1. Disconnect Here 


4. Disconnect the flow control cables at the DISASSEMBLY 
point shown in Figure 34. 

1. Remove the pin attaching the linkage to 
the valve spool. Withdraw the four 
securing bolts and remove the linkage 
bracket, Figure 35. 


5. Unscrew the manifold and remote control 
valve(s) attaching bolts until they are free 
of the hydraulic pump cover. 


2. With the valve in the “NEUTRAL” 
position, pull the valve spool out into the 


6. Remove the complete stack of remote first detent position. This is done so that 
valves from the hydraulic pump cover. when the detent mechanism is first 
Cover the exposed surface of the hydraulic disassembled the detent balls will not fall 
pump cover to prevent dirt entry. out. 
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Figure 36 


Remote Control Valve Detent Mechanism— Exploded View 


End Cap 
Bolts 


. Centring Spring 
. Detent Guide 
. Centring Spring 


Sleeve 


3. Withdraw the four detent mechanism 


attaching bolts and remove the end cap, 
sleeve, centring spring and stop, Figure 36. 


4. Unscrew the detent guide from the valve 


spool. 


NOTE: 7o hold the spool stationary, insert é 


small screw driver in the linkage attaching hole 


of the valve spool. 


5. Remove the stop, centring spring and 


sleeve. 


6. Pull the valve spool out far enough from 


the linkage end so that the seal on the 
detent end of the valve body can be 
removed. Remove the valve plate, seal 
quad ring and O-ring, Figure 37. 


. Valve Body 
. Stop Ring 
. Guide Ring 
. Stop Ring 
. Sleeve 


. Push the valve spool in far enough from the 


linkage end so that the seal on the linkage 
end of the valve body can be removed. 
Remove the valve plate, seal quad ring and 
the O-ring. Carefully pull the valve spool 
from the valve body. 


IMPORTANT: Do not nick or scratch the 
valve spool as binding and/or leakage may 


result when the valve is re-assembled. 


8. Compress the detent guide assembly in a 


soft jawed vice using a socket or similar 
tool, Figure 38. Remove the snap-ring. 
Loosen the vice and remove the detent 
spacer. 


. Lift the assembly from the vice and remove 


the detent spring, detent piston and detent 
balls, Figure 39. Use a small screwdriver to 
push the detent piston end from the guide. 
Remove the seal and O-ring from the 
detent piston end. 
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Figure 37 
Remote Control Valve— Exploded View 


1. Flow Valve Spring 17. O-Ring Seal 33. Detent Spring 

2. Washer 18. Quad Ring 34. Detent Piston 

3. Flow Relief Spring 19. Spool 35. Detent Balls 

4. Relief Poppet 20. O-Ring Seal 36. Piston End 

5. Flow Piston 21. Check Ball 37. Back-up Ring 

6. Flow Sleeve 22. Seat 38. O-Ring Seal 

7. Flow Guide 23. Relief Spring 39. Detent Guide 

8. O-Ring 24. O-Ring Seal 40. Detent Ring 

9. Back-up Washer 25. Adjusting Screw 41. Stop 

10. Valve Body 26. Stop 42. Flow Control Actuator 
11. O-Ring Seal 27. Centring Spring Housing 

12. Quad Ring 28. Sleeve 43. Back-up Ring 

13. Valve Plate 29. End Cap 44. O-Ring Seal 

14. Sleeve 30. Bolt (4) 45. Flow Control Poppet 
15. Centring Spring 31. Snap Ring 46. O-Ring Seal 

16. Valve Plate 32. Detent Spacer 


adjusting screw. Record the depth or 
number of turns required to remove the 


10. Place the small end (linkage end) of the 
valve spool in a soft jawed vice. (DO NOT 


clamp the spool on the lands). Use a depth 
micrometer to measure the depth of the 
adjusting screw in the spool or if a depth 
micrometer is not available, count the 
number of turns required to remove the 
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screw. This procedure Is important so that 
the screw can be re-assembled in the same 
position to obtain the previous pressure 
release setting of the detent mechanism. 
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Figure 38 
Assembling and Disassembling Detent Guide Detent Release Valve — Exploded View 
1. Detent Guide 1. Adjusting Screw 
2. Circlip 2. Inner O-Ring Seal 
3. Soft Jawed Vice 3. Spring 
4. Socket 4. Check Ball 
5. Spacer 5. Outer O-Ring Seal 
6. Spool 
7. Seat 


11. Use a screwdriver to remove the adjusting 
screw, Figure 40. Withdraw the relief 
spring, valve seat and ball. 


12. Remove the four bolts securing the flow 
control housing to the valve body, Figure 
41. Note the position of the housing on the 
body for correct re-assembly. 


13. Remove the flow valve spring and the 
poppet spring. Pull out the flow valve 
guide from the body. Remove the flow 
sleeve, the valve washer and the flow 


Figure 39 . 
Detent Guide — Exploded View fea oo the dati Remove the poppet 

1. Spacer rom the flow piston. 

2. Snap Ring 

3. Spring 

4. Piston 

5. Guide 

6. Guide Ring 14. Remove the O-ring from the flow control 
cf ee Seal housing, Figure 37. Pull out the flow 
9. Piston End poppet and remove the O-ring and back-up 
10. Detent Balls washer from the flow poppet. 


Figure 41 
Remote Valve Flow Control Valve — 


Exploded View 
1. Piston 6. Flow Poppet 11. Back-Up Ring 
2. Relief Poppet 7. Flow Spring 12. Valve Body 
3. Valve Spring 8. Washer 13. O-Ring Seal 
4. Actuator Housing 9. Sleeve 
5. O-Ring Seal 10. Guide 
INSPECTION AND REPAIR 1. Clean all parts thoroughly with a suitable 


All parts of the remote control valve(s) are 2. 
serviced individually with the exception of the 

valve spool, valve body and the flow control 
housing actuator, Figure 37. If either the spool 

or body is worn or damaged, a complete new 

valve assembly must be installed. If the flow 
control housing actuator is worn or damaged, 

a complete new housing and poppet must be 
installed. 


solvent. 

Check the flow valve spring, flow poppet 
spring, centring springs, detent spring and 
relief spring for damage or wear. Install 
new springs where necessary. If the relief 
spring is replaced, it will be necessary to 
perform the ‘Remote Control Valve 
Pressure Check’, Page 8, Chapter 4, when 
the valve is re-assembled and installed on 
the tractor. 


Check the bleed holes in the valve spool 
and the adjusting screw to make sure they 
are not plugged, Figure 40. If plugged, use 
compressed air, a suitable solvent, or a 
piece of fine wire to unplug the holes. 
Inspect the spool and spool bore in the 
body for wear. Replace if worn. 


Check the valve seat and the ball for nicks, 
burrs and flat spots. Check for freedom of 
movement of the valve seat in the spool 
inner bore. Replace parts as needed. 


Check inside the detent ring for wear, 
Figure 39. Check the detent balls for wear. 
Inspect the detent ball guides in the detent 
guide for wear. Check the detent piston 
end for wear. Place the detent piston end in 
the guide and check for freedom of 
movement. If too loose, replace either the 
detent piston end and/or the detent guide 
as required. Replace all worn parts. 


Inspect the detent piston for wear also 
inspect the bore in the detent guide for 
wear. Insert the detent piston into the 
guide and check for freedom. of 
movement. Replace as required. 


Inspect the flow poppet for wear, Figure 
37. Inspect the seat in the flow piston for 
nicks and burrs. Install the flow piston in 
the flow guide and check for freedom of 
movement. Place the flow sleeve over the 
flow guide and check for freedom of 
movement. Check all parts for nicks, burrs, 
scoring and wear. Replace as required if 
nicks and burrs cannot be polished out. 


Check the control poppet for wear. Install 
the poppet in the flow control housing 
actuator and check for freedom of 
movement. Replace as required. 


Replace all O-rings, back-up rings and 
seals with new parts on re-assembly. 
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RE-ASSEMBLY 


1. Install the O-ring seal and the back-up 


washer on the flow guide, Figure 41. 
Ensure the back-up ring is installed last. 
Lubricate the flow guide with the specified 
hydraulic oil and place in the valve body, 
seal end first. 


. Lubricate the flow sleeve with the specified 


hydraulic oil and install over the flow guide 
with the tapered end down. Lubricate the 
flow piston with the specified hydraulic oil 
and install in the flow guide, wide end first. 


. Lubricate the relief poppet with the 


specified hydraulic oil and install in the flow 
piston. 


. Place the washer and the valve spring over 


the flow guide making sure the washer fits 
in the recess in the flow sleeve. Place the 
relief spring on the relief poppet. 


. Install the O-ring then the back-up ring on 


the control poppet, making sure the back- 
up ring will enter the flow control housing 
first when the control poppet is installed, 
Figure 37. Lubricate the control poppet 
with the specified hydraulic oil and place in 
the flow control housing, seal end first. 


. Place the O-ring on the flow control 


housing and install the housing to the valve 
body with the four attaching bolts, Figure 
41. Tighten the bolts to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 


. Install the ball, seat and relief spring in the 


valve spool, Figure 46. Install the inner 
spool O-ring on the adjusting plug and 
install the adjusting plug in the valve spool. 
Adjust the plug to obtain the dimension 
that was recorded on_ disassembly, 
otherwise the remote control valve 
pressure must be checked as detailed on 
Page 8, Chapter 4. 
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8. Lubricate the valve spool with the specified 


hydraulic oil and carefully insert in the valve 
body. 


NOTE: The valve spoo/ must be assembled 
into the valve body from which it was 
previously removed as they are matched sets. 


9. 


10. 


11. 


12. 


Install the O-ring, quad ring and valve plate 
on the detent end of the valve body, Figure 
37. Install the spool outer O-ring on the 
valve spool threaded end. (Take care not to 
damage the O-ring when sliding it over the 
threads. It may be desirable to tape the 
threads, then slide the O-ring over the tape 
into the correct position). 


Install the detent piston in the detent 
guide, narrow end first, Figure 39. Place a 
dab of grease in each of the detent ball 
guides in the detent guide. While holding 
the detent piston in, place the detent balls 
in their guide. Slide the detent ring over the 
detent guide and balls, making sure that 
the detent slot on the inside of the detent 
ring will be towards the valve body when 
installed. 


Install the detent spring and the detent 
spacer, Figure 39. Compress the assembly 
in a vice, and install the circlip, Figure 38. 
Remove the assembly from the vice. 


Install the back-up ring and the O-ring on 
the detent piston end. Then install the 
detent piston end in the detent guide 
assembly, making sure that the back-up 
ring is installed first. 
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14. 


15. 


Figure 42 
Installing Detent Mechanism Retaining Bolts 


. Valve Body 
. Soft Jawed Vice 


Detent Mechanism 
End Cap 

Bar 

Bolts 


. Lockwashers 


. Place the stop centring spring and sleeve 


on the detent guide assembly threaded 
end, Figure 36. When installing the sleeve, 
place the end with the groove on the inside 
towards the detent guide assembly. 


Screw the guide assembly on the valve 
spool as shown and tighten securely. 


Place the stop, centring spring and sleeve 
on the other end of the detent guide 
assembly. Ensuring the end of the sleeve 
with the groove on the inside is towards 
the detent guide assembly. 


Insert the four detent guide securing bolts 
and lockwashers in the end cap, Figure 42. 
Place the end cap and bolts over the detent 
guide assembly and compress. the 
assembly with a bar or similar tool so that 
the bolts can be threaded into the holes in 
the housing. Screw the bolts in three to 
four turns. 
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16. 


17. 


18. 


Pull the spool out to place the valve in the 
“FLOAT” position. Tighten the bolts 
evenly to the correct torque, see Page 12, 
‘Specifications’ — Chapter 4. This 
procedure will centre the detent 
mechanism to relieve a binding condition. 


Install the quad ring, O-ring and valve plate 
on the linkage end of the spool, Figure 37. 


Install the linkage bracket with the four 
attaching bolts and tighten to the correct 
torque, see Page 12, ‘Specifications’ — 
Chapter 4. Attach the bracket linkage to 
the spool with the attaching pin and secure 
with a new split pin. 


INSTALLATION 


1. 


With the valves stacked together and the 
manifold attaching bolts installed through 
the valves, position the valves on the 
hydraulic pump cover. Ensure all O-ring 
seals are installed between the mating 
parts. 


Tighten the attaching bolts to the correct 
torque, see Page 12, ‘Specifications’ — 
Chapter 4. 

Connect the control linkage to the remote 
valve linkage and secure with a new split 
pin. 

Attach the tubes, to the remote valves, 
Figure 33. Tighten securely. 


Attach the flow control cables to the 
control assemblies, Figure 34. 


Install the access panel located on the cab 
or platform floor. 


F. ADJUSTMENTS 


INTERNAL ADJUSTMENTS 


The following adjustments must be made 
during assembly of the component parts which 
are not accessible externally. 


A. 


Figure 43 
Connecting Rod Actuator Adjustment 
13.77 — 13.80 in (349.6 —350.4 mm) 


1. Rod 

2. Clevis 

3. Hexagon Nut 
4. Actuator 


Connecting Rod Actuator Adjustment 


With reference to Figure 43. 


The connecting rod actuator is located inside 
the hydraulic lift cover. The assembly must be 
adjusted to a length of 13.77—13.80 in 
(349.6—350.4 mm) as measured between the 
centres of the attaching holes. Before the 
adjustment can be made, the hydraulic lift 
cover must be removed and the actuator 
detached from the cover. Refer to Pages 1 and 
3, Section A, “HYDRAULIC LIFT COVER” — 
REMOVAL AND DISASSEMBLY. 


To make the adjustment, loosen the hexagonal 
nut and turn the clevis as required to obtain the 
specified dimension. Tighten the nut securely. 


ee 


Figure 44 
Lift Control Valve Adjustment 
. Feeler Gauge 
. Poppet Actuator 
Keeper 
Lift Control Valve 
¥% in(3 mm) Drill 


RW = 


Lift Control Valve Adjustment 


With reference to Figure 44. 


The lift control valve is attached to the lift 
cylinder inside the hydraulic lift cover. Before 
the valve can be adjusted, the hydraulic lift 
cover must be removed and the lift cylinder and 
control valve assembly removed from the 
cover. Refer to Page 7, Section B, “LIFT 
CYLINDER AND CONTROL VALVE 
ASSEMBLY”. 


Adjust the valve as follows: 


1. Insert a % in (3 mm) diameter drill through 
the hole in the bushing, then while pushing 
the keeper to the left, rotate the valve until 
the drill will pass through the assembly as 
shown. 
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Figure 45 
Draft Control Rod Adjustment 


. 5.62 in (143 mm) 
Draft Control Lever 
Eccentric in ‘Up’ Position 
Draft Rod End 
Draft Rod 


2. Adjust the keeper in the end of the valve to 
obtain 0.013—0.016 in (0.3—0.4 mm) 
clearance between the keeper and poppet 
actuator. Measure the clearance with a 
feeler gauge as shown. 

making the 


3. Remove the drill after 


adjustment. 


Draft Control Rod Adjustment 

With reference to Figure 45. 

The draft control rod is located inside the rear 
axle centre housing. Before the rod can be 
adjusted, the hydraulic lift cover must be 
removed as detailed on Page 1. 


Adjust the rod as follows: 


1. Loosen the lock nut on the draft control 
adjustment, Figure 46. 


2. Turn the adjustment until the eccentric is 
straight ‘up’, Figure 45. 


Figure 46 
Position Control and Draft Control Adjustments 
1. Locknut 
2. Locknut 


3. Draft Control Adjustment 
4. Position Control Adjustment 


3. Measure the dimension between the 
centres of the dowel hole and draft control 
lever (centre of fork). The correct 
dimension is 5.62 in (142.7 mm). 


If the dimension is too short or too long: 


e Dimension too long — Lengthen rod as 
follows: 


e Dimension too short — Shorten rod as 
follows: 


4. Remove the split pin and washer from the 
eccentric. 


5. Move out the eccentric and rotate the rod 
as required in the draft rod end. 


6. Install the eccentric and recheck the 
measurement. Ensure the eccentric is in 
the straight ‘up’ position. 
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Figure 47 
Lift Control Lever Adjustment 


1. Lift Control Lever 
A. 0.12—0.25 in (3—6 mm) Clearance 


7. Repeat Steps 5 and 6 as required until the 


correct dimension is obtained. 


8. Install the washer and split pin. Lock the 


eccentric in the ‘up’ position by tightening 
the draft control adjustment lock nut to the 
correct torque, see Page 12, ‘Specifica- 
tions’ — Chapter 4. 


EXTERNAL ADJUSTMENTS 


The following adjustments should be made 

whenever the tractor hydraulic system 

components have been serviced or whenever 

the hydraulic system is not operating properly. : 
Make the adjustments in the order listed. There J 
are no adjustments required for the hydraulic - 
lift flow control rod or the system selector rod. 


Figure 48 
Lift Control Lever External Adjustment 


1. System Selector Rod 
2. Lift Control Rod 


Hydraulic Lift Control Lever Linkage 
Adjustment 


The hydraulic lift control lever linkage must be 
adjusted to provide for full travel of the lift 
control lever. 


Adjust the linkage as follows: 


1. Place the control lever so that there is 
0.12—0.25 in (3—6 mm) clearance 
between the lower fixed stop and the 
control lever as shown in Figure 47. 


Remove the split pin and two washers then 
disconnect the lift control linkage at the 
hydraulic cover. Rotate the shaft and 
coupler on the hydraulic lift cover fully 
clockwise. 


3. Adjust the turnbuckle on the lift control 
rod, Figure 48, so that the linkage will fit 
into the shaft and coupler when rotated 
fully clockwise while still maintaining the 
required clearance between the lever and 
stop on the quadrant assembly. 
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Remote Control Valve Lever— External 
Adjustments 
1. Number Two Remote Control Rod 
2. Number Three Remote Control Rod 
3. Number One Remote Control Rod 


Connect the linkage to the shaft at the lift 
cover with a new split pin. Tighten the 
turnbuckle lock nut to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 


Remote Control Valve Linkage 
Adjustment 


The remote control valve linkage is properly 
adjusted when three definite detent positions 
can be obtained when the remote control valve 
levers are moved to the “RAISE”, ‘‘LOWER” 
and “FLOAT” markings on the console. If the 
levers do not align with the markings, adjust 
the linkage as follows: 


1. Place the remote lever to be adjusted in the 
neutral position. 


Loosen the locknut on the control rod, 
Figure 49, connecting the remote valve to 
the respective lever on the control console. 


Figure 50 
Remote Control Lever Adjustment 
A. 2—2.12 in (51—54 mm) Clearance 
1. Number Three Remote Control Lever 
2. Number One Remote Control Lever 
3. Number Two Remote Control Lever 


3. Adjust the turnbuckle to obtain 2—2.12 in 
(51—54 mm) clearance between the 
control lever and the rear edge of the lever 
Opening as shown in Figure 50. 


4. Tighten the locknut to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 


5. Move the lever into each of the three 
detent positions to make certain that each 
position can be obtained without 
contacting either end of the console slot. 


Position Control Adjustment 


Before making the position control 
adjustment, ensure that all preceding internal 
and external adjustments have been made, 
otherwise a false setting will result. 


1. Place the hydraulic selector lever in 
position control (fully rearward). 
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2. Position the hydraulic lift control lever 


edge 0.5—1.0 in (13—25 mm) away from 
the front edge of the slot in the console 
(lower position). 


3. Loosen the locknut on the position control 


adjustment, Figure 45. Turn the 
adjustment until the punch mark is 
positioned at ‘3 o'clock’. This provides a 
starting point for the adjustment. 


4. Start the engine and set the speed to 


700 — 800 rev/min (idle). 


5. Turn the position control adjustment 


clockwise until the lower links begin to 
raise, then while holding the adjustment, 
tighten the lock nut to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 


Draft Control Adjustment 


Before making the draft control adjustment, 
make sure that all preceding internal and 
external adjustments have been made, 
otherwise a false setting will result. 


1. Place the hydraulic selector lever in draft 
control (fully forward). 


2. Position the hydraulic lift control lever 
edge 0.5—1.0 in (13—25 mm) away from 
the rear edge of the slot in the console 
(raise position). 


3. Loosen the locknut on the draft control 
adjustment, Figure 46. Turn the 
adjustment until the punch mark is 
positioned at ‘6 o'clock’. This provides a 
starting point for the adjustment. 


4. Start the engine and set its speed to 
700—800 rev/min (idle). 


5. Turn the draft control adjustment 
clockwise until the lower links begin to 
raise, then while holding the adjustment, 
tighten the locknut to the correct torque, 
see Page 12, ‘Specifications’ — Chapter 4. 
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Draft Control Lower Linkage Stop 
Adjustment 


An adjustable eccentric stop is attached to the 
left-hand side of the centre housing behind the 
left-hand lift link hanger to limit rearward 
movement of the hanger and twist of the 
torsion bar, Figure 51. Forward movement of 
the hanger is limited by the fixed torsion bar 
anchor. 


Adjust the stop as follows: 


1. Loosen the hexagon headed attaching bolt 
and rotate the stop until the gap between 
the stop and the hanger is 0.33—0.34 in : 

Figure 51 


(8.4—8.6 mm). Draft Control Lower Linkage Stop Adjustment 


. 0.33—0.34 in (8.4—8.5 mm) gap 
. Rear 
. Front 
Eccentric Stop 
Left-hand Link Hanger 
Torsion Bar Anchor 
. Torsion Bar 


2. Hold the stop in position and tighten the 
attaching bolt to the correct torque, see 
Page 12, ‘Specifications’ — Chapter 4. 
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PART 8 
HYDRAULIC SYSTEM 


Chapter 4 
TROUBLE SHOOTING, PRESSURE TESTING, 
SPECIFICATIONS AND SPECIAL TOOLS 
TRACTORS PRIOR TO APRIL 1985 


Section 
A. TROUBLE SHOOTING 
B PRESSURE TESTING 
C. SPECIFICATIONS 
D SPECIAL TOOLS 


Page 


A. TROUBLE SHOOTING 


GENERAL 


Essentially, trouble shooting involves locating 
a failure point. The failure can be mechanical or 
hydraulic and many factors can contribute to 
the cause of the failure. Isolation of the 
particular cause or causes involves a 
systematic approach to determine which 
components are functioning properly. 


The most important factor to consider in 
hydraulic system trouble’ shooting is 
verification of the problem by observing the 
system operation. Therefore, if possible, 
operate the hydraulic lift and note the 
operating characteristics and failures. 


As a first step in the trouble shooting 
procedure, several preliminary checks should 
be made. These checks are essential in that 
once performed they need no longer be 
considered as a possible cause of the 
malfunction. 


e Check external linkage is free from 
obstruction. 


e Check for external mechanical damage 
such as bent or binding control linkage or, 
in the case of tractors equipped with 
remote control valves, check for kinked 
hoses or damaged cylinders. 


e Check the hydraulic oil in the rear axle is of 
the correct grade and quantity, see ‘Speci- 
fications’. Check the hydraulic oil filter has 
been changed and no other failure has 
occurred (e.g. Transmission, 1|.P.T.O. 
Clutch, Dual Power, etc.). 


e Check for external oil leaks. 


e Check for correct linkage adjustment — 
see Page 38, Chapter 3. 


e Check lift in Position Control. 
e Check lift in Draft Control 


NOTE: /f the problem occurs in Position 
Control but not in Draft Control (or vice-versa) 
an internal linkage fault is indicated. 


e Check correct Position and Draft Control 
Linkage adjustment — see Page 40, 
Chapter 3. 


e Check system relief valve pressure — see 
Page 6. 


Having performed the preliminary checks and 
failing to locate the probable cause of the 
malfunction, compare the — operating 
characteristics previously noted with the 
problems listed in the ‘Trouble Shooting Chart’ 
to determine possible cause and corrective 
action. 
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TROUBLE SHOOTING 


PROBLEM POSSIBLE CAUSES REMEDY 


Failure to lift under | 1. Hydraulic pump pressure low | 1. Perform the system relief 
all conditions valve pressure check, Page 
6, Chapter 4 


Flow control valve stuck or . Clean and inspect the 
binding valve, Page 18, Chapter 3 


O-ring seals damaged or . Check for cut or missing 
missing in hydraulic pump O-rings and for correct 
inlet port pump installation 


O-ring seals damaged or . Remove and disassemble 
missing between hydraulic hydraulic pump, Page 22. 
pump boay and front and Check for cut or missing 
rear covers O-ring seals 


Exhaust pressure valve . Ensure valve is installed 

installed backwards or shallow end first, Page 11, 

sticking Step 9. Clean and inspect 
the valve, Page 10, Chapter 
3 


Lift control valve out of . Adjust the valve, Page 37, 
adjustment Chapter 3 


Draft control out of . Adjust draft control, Page 
adjustment 40, Chapter 3 


Failure to lift under . Hydraulic pump pressure low . Perform the system relief 
load valve pressure check, Page 
6, Chapter 4 


Flow control valve incorrectly . Check for proper sizing, 
sized to bore Page 18, Inspection and 
Repair, Chapter 3 


Damaged or missing O-ring . Check for cut or missing 
seals between lift cylinder O-ring seals and for a 
and control valve body or damaged seal, Page 11, 
damaged lift piston seal Chapter 3 
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PROBLEM POSSIBLE CAUSES REMEDY 


4. Check for cut or missing 
O-ring seals 


4. Damaged or missing O-ring 
seals on the oil pressure 
connecting sleeve 


Failure to lift under 
load (Continued) 


Check for cut or missing 
O-rings and for correct 

pump installation, Page 21, 
Chapter 3 


O-ring seals damaged or 
missing in hydraulic pump 

inlet port or between pump 
and cover assembly 


Change oil filter and check 
by-pass valve 


Clogged oil inlet filter and 
faulty by-pass valve 


. Clean and inspect the 
valve, Page 10, Chapter 3 


Exhaust pressure valve 
sticking 


8. Clean and inspect the 
valve, Page 10, Chapter 3 


Faulty safety valve 


. Adjust the valve, Page 37, 
Chapter 3 


— 


Lift control valve out of 
adjustment 


Occasional failure 
to lift (not due to 
overloading) 


2. Ensure valve is installed 
shallow end first, Page 11, 
Chapter 3. Clean and 
inspect the valve, Page 10, 
Chapter 3 


Exhaust pressure valve 
installed backwards or 
sticking 


1 Check valve for damaged 
valve seat or cut or missing 

O-ring seals, Page 10, 

Chapter 3 


Excessive lift 1. Safety valve leakage 


corrections 


Check for cut or missing 
O-ring seals and for a 
damaged seal, Page 11, 
Chapter 3. 


Damaged or missing O-ring. 
seals between lift cylinder and 
control valve body or 

damaged lift piston seal 


Check the parts for wear or 
damage, Page 10, Chapter 
3 


Lift drop poppet, ball or seat 
leaking 
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PROBLEM POSSIBLE CAUSES REMEDY 


Slow lift response Hydraulic lift control lever 


linkage incorrectly adjusted 


1. Adjust linkage Page 39, 
Chapter 3 


~ 


Lift control valve out of 
adjustment 


Adjust the valve, Page 37, 
Chapter 3 


. Variable flow control valve 
stuck in slow lift position 


3. Check for correct hydraulic 
lift control lever linkage 
adjustment, Page 39, 

Chapter 3. 


Ensure valve is installed 
shallow end first, Page 11. 
Clean and inspect the 

valve, Page 10, Chapter 3. 


Exhaust pressure valve 
installed backwards or 
sticking 


No draft response Draft control out of 1. Adjust draft control, 


adjustment Page 40, Chapter 3 
2. Connecting rod actuator too 2. Adjust connector, Page 36, 
long Chapter 3 
Draft control rod too short 3. Adjust rod, Page 37, 
Chapter 3 


4. Check for roller engage- 
ment, Page 7, Chapter 3 


4. Roller disengaged from draft 
sensing yoke 


on 
e 


Lift control valve out of 
adjustment (Clearance 
between keeper and poppet 
actuator too small) 

2. Bushing in rear axle centre 
| housing scored causing left- 
hand lift link hanger to bind 


Draft control 
over corrections 


Adjust the valve, Page 37, 
Chapter 3 


2. Check hanger for freedom 
of movement in bushings 
Page 14. Install new 
bushings if required 


Position control out of 
adjustment 

2. Draft control out of 

adjustment 


Erratic lift response 
vs lift lever 
movement 


Adjust position control 
Page 40, Chapter 3 
Adjust draft control Page 
40, Chapter 3 


N 


Internal leakage between 
valve spool and valve body 


Remote equipment 
slow to raise 


Check the parts for wear or 
damage Page 33, Chapter 3 


Damaged or missing O-ring 
seals between valve bodies 
or hydraulic pump cover 


Check for external leakage 
(Visual) 


er, 
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PROBLEM POSSIBLE CAUSES REMEDY 


Remote equipment | 1. 
down from raised 
position 


lever(s) will not 
stay in “RAISE” or 


“LOWER” positions | 2. 


(2. 

Remote valve 1. 
lever(s) will not 

return to 

“NEUTRAL” 2. 

3. 

4, 

5. 

. 6. 

7. 

Remote valve 1. 


Internal leakage between 
valve spool and valve body 


Quick couplers or remote 
hoses leaking 


Remote control valve linkage 
incorrectly adjusted 


Remote control valve spools 
binding in valve bodies due to 
over-tightening attaching 
bolts 


Detent piston sticking 


Remote valve detent pressure 
set too high 


Bleed hole in valve spool and 
adjusting screw plugged 


Detent mechanism out of 
alignment 


Dirty valve spool and/or 
detent mechanism 


Remote control valve linkage 
incorrectly adjusted 


Detent balls missing, detent 
spring broken or piston 
sticking 


Remote valve detent pressure 
set too low 


1. 


—, 


o> 


—" 


2. 


Check the parts for wear or 
damage, Page 33, 
Chapter 3 


Check for external leakage 
(Visual) 


Adjust linkage, Page 39, 
Chapter 3 


Loosen remote control 
valve attaching bolts and 
retighten each bolt 6 Ibf.ft 
(7 Nm) (0.7 Mkg) at a time 
until a torque of 23 Ibf.ft 
(30 Nm) (3 Mkg) is 
obtained (do not over- 
tighten) 


Clean and inspect the 
piston, Page 34, Chapter 3 


Perform remote control 
valve pressure check, Page 
8, Chapter 4 


Clean and inspect the 
parts, Page 34, Chapter 3 


Place control lever in 
“FLOAT” and loosen the 
four detent mechanism 
attaching bolts until 
mechanism is loose. 
Retighten bolts 8 Ibf.ft (11 
Nm) (1.1 Mkg) 


Remove and disassemble 
valve as described on 
Page 28, Chapter 3 


Adjust linkage, Page 39, 
Chapter 3 


Clean and inspect the 
parts, Page 34, Chapter 3 


Perform remote control 
valve pressure check, Page 
8, Chapter 4 
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B. PRESSURE TESTING 
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Figure 1 
Hydraulic System Relief Valve 


Seal 

O-Ring Seals 

. Relief Valve Body 
Seat 

Relief Valve Assembly 
Spring 

. Hydraulic Pump Cover and Valve Assembly 
. Relief Valve Cap 
Shims 

. Retainer 

Ball 
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SYSTEM RELIEF VALVE PRESSURE 
CHECK 


The tractor hydraulic system incorporates one 
system relief valve in the hydraulic pump 
cover, Figure 1. The system pressure can be 
checked by plugging into one of the remote 
quick couplers as follows. 


1. Install the test equipment into the 
“RAISE” coupler of the left-hand quick 
couplers as shown in Figure 2. 


Figure 2 
System Relief Valve Pressure Check 


1. Pressure Gauge, Tool No. FT.8503A or 2028 
2. Hose and Fitting Assembly, Tool No. FT.4100-1 
or 2106 
3. Break-Away Coupling, Male Tip, 
Tool No. 2362 


2. Start the engine and set the speed as 
follows: TW-5, TW-15 and TW-25 at 1400 
rev/min, TW-35 at 1200 rev/min. 


NOTE: When making this check, all hydraulic 
equipment should be disconnected from the 
quick couplers. If leakage is present a false 
system relief valve reading will result. 


3. Move and hold the inboard remote control 
valve lever in the “RAISE” position. 
Observe the pressure gauge. It should 
register 2450 — 2550 Ibf/in? (169— 175 bar) 
(172—179 Kgf/cm?). If the reading is not 
within specifications, refer to the next 
procedure, ‘Shimming System Relief 
Valve’. 
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SHIMMING SYSTEM RELIEF VALVE 


With reference to Figure 1. 


If the system relief valve pressure, as recorded 
in the preceding test, was not to specification, 
the system relief valve must be removed from 
the tractor and shims added or removed. If the 
pressure reading is BELOW 2500 Ibf/in? (173 
bar) (176 Kgf/cm?) add shims. If the pressure 
reading was ABOVE 2600 Ibf /in? (179 bar) (182 
Kgf/cm?) remove shims. Every 0.01 in (0.25 
mm) change in shim thickness will change the 
system pressure approximately 100 Ibf/in? (6.9 
bar) (7 Kgf/cm?). 


NOTE: Maximum permissible shim thickness 
is 0.08 in (2 mm). If system relief pressure 
cannot be obtained with 0.08 in (2mm) shims 
installed, the hydraulic pump or safety valve is 
at fault. Refer to Page 15, for pump removal, 
disassembly, inspection and repair and 
installation procedures. Refer to ‘Lift Cylinder 
and Control Valve Assembly’ on Page 7, for 
safety valve removal, disassembly and 
inspection and repair procedures — Chapter 3. 


1. With a suitable solvent, clean the area 
around the relief valve on the hydraulic 
pump cover assembly to prevent dirt from 
entering the hydraulic system when 
removing the valve. Blow dry with 
compressed air. 


2. Remove the split pin and disconnect the 
differetial lock pedal shank from the 
actuating rod. Unscrew the differential 
lock actuator rod guide cap to gain access 
to the relief valve. Unscrew the relief valve 
assembly from the hydraulic pump cover 
assembly. 


3. Disassemble the valve by removing the 
“‘C’’ ring in the rear of the relief valve. 


4. Add or remove shims, as required, to 
obtain the specified pressure. Every 0.01 in 
(0.25 mm) change in shim thickness will 
affect system pressure approximately 100 
Ilbf/in? (6.9 bar) (7 Kgf/cm?). Maximum 
permissible shim thickness is 0.08 in 
(2mm). 


5. Refer to the exploded view and assemble 
the valve. Install a new O-ring seal on the 
valve body. Screw the valve into the cover 
and tighten securely. 


6. Install the differential lock guide cap and 
connect the actuator to the shank with a 
new split pin. 


7. Re-check the system pressure. 
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REMOTE CONTROL VALVE PRESSURE 
CHECK 


A spring-loaded poppet inside the remote 
control valve spool(s) controls the hydraulic 
pressure acting on the remote control valve 
detent mechanism. When the adjusting screw 
is properly set, the remote control valve 
lever(s) should remain in the “RAISE” or 
“‘LOWER” position on the console until the 
remote cylinder(s) reach the end of their 
stroke. The lever(s) should then automatically 
return to the ‘““NEUTRAL” position. 


If the lever(s) will not return to “NEUTRAL” 
when a cylinder has reached the end of its 
stroke, or will not stay in the ‘‘RAISE” or 
“LOWER” position while a cylinder is being 
extended, comply with the following test 
procedure. Ensure system pressure has been 
checked and set to 2500—2600 Ibf/in? 
(173—179 bar) (176—182 Kgf/cm?) per. the 
preceding procedure before checking the 
remote control valve detent pressure. 


IMPORTANT: The remote control valve 
detent release pressure setting is pre-set at the 
factory and should generally never have to be 
re-adjusted in the field. However, there are 
three factors that may cause a binding 
condition in the remote valve which would give 
a high pressure reading on this test or would 
not allow the remote valve to return to 
“NEUTRAL” automatically. 


First of all, the remote control valve attaching 
bolts may be over-tightened thus binding the 
valve spool. To relieve this type of binding, 
loosen the four attaching bolts and evenly re- 
tighten to the correct torque see Page 12, 
‘Specifications’ — Chapter 4. Secondly, the 
detent mechanism may be binding due to 
misalignment caused by the valve being 
dropped or the detent mechanism being hit 
sharply before or during installation on the 
tractor. To re-align the mechanism, follow 
Step 14 in this test procedure. 


Last of all, dirt in the remote valve may be 
causing the valve spool to ‘stick’ in its bore. If 
so, it will be necessary to remove and 
disassemble the valve as detailed on Page 28, 
Chapter 3. 


Figure 3 
Remote Control Valve Pressure Test Equipment 


1. Break-Away Coupling, Male Tip, 
Tool No. 2362 
. Load Valve, Tool No. FT.8503-1B or 1394 
Hose Clamp 
% in Low Pressure Hose 
. ¥% in Pipe Nipple 
Adaptor, Tool No. 0035 
. Tee Fitting, Tool No. 0027 
. Hose and Fitting Assembly, 
Tool No. FT.4100-1 or 2106 
. Pressure Gauge, Tool No. FT.8503A or 2028 
. Hose Assembly, Tool No. FT.8503-4 or 1392 
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REMOTE CONTROL VALVE TEST 
PROCEDURE 


1. At the quick coupler of the remote control 
valve being checked, plug into the 
“RAISE” coupler with the test equipment 
set-up as shown in Figure 3. 


2. Route the % in low pressure hose into the 
oil filler tube located on the top rear of the 
hydraulic lift cover. 


CAUTION: Ensure the test equipment is 
exceptionally clean, as the smallest amount of 
dirt may seriously damage the hydraulic 
system. Instead of routing the oil into the filler 
tube, it may be connected to the other quick 
coupler. 


CHAPTER 4 
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Figure 4 Figure 5 


Remote Control Valve Adjustment Service Panel Remote Control Valve Detent Mechanism 
1. Service Panel 1. Detent Ring 
2. Sleeve 
3. End Cap 
4. Retaining Bolts 
5. Valve Body 
3. Fully open the Load Valve, Tool No. 6. If the lever will not return to “NEUTRAL” 
FT.8503-1B or 1394 and start the engine. within the specified pressure and the spool 
Set the speed at 1500 rev/min. is not binding per the note preceding this 


test procedure, stop the engine and adjust 
the poppet adjusting screw as follows. 


7. Remove the remote control valve 
4. Move the remote control valve lever, of the adjustment service panel, located on the 
valve being checked, into the “‘RAISE” cab or deck floor, Figure 4. 
detent position. 


8. Place the remote valve lever in the 
“LOWER” position. 


5. Slowly close the load valve and observe the 
pressure gauge. The gauge should register NOTE: Placing the control valve in the 
1900—2200 Ibf/in? (131—151 bar) “LOWER” position puts the detent balls in a 


(134— 154 Kgf/cm2) just before the lever detent slot in the guide ring so that the detent 
returns to “NEUTRAL”. If desired, check balls will not fall out when the mechanism is 
the “LOWER” portion of the remote partially disassembled. 

control valve in the same manner by 


plugging into the ‘‘LOWER” quick 
coupler. 9. Remove the remote control valve. 
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10. 


11. 


12. 


. Detent Ring 


Figure 6 


Remote Control Valve Detent Mechanism — 
Removal and Installation 


2. Detent Guide 


Remove the four bolts which secure the 
detent mechanism to the valve body, 
Figure 5. Remove the end cap, the first 
sleeve, the first centring spring and the 
stop ring so that the assembly is as shown 
in Figure 6. 


Unscrew the detent guide from the valve 
spool. (Do not remove or pull on the detent 
ring as the detent balls may fall out). 


Asa guide, turning the adjusting screw ‘in’ 
one turn will increase the detent pressure 
release setting approximately 200 Ibf/in? 
(14 bar) (14 Kgf/cm?). Turning it ‘out’ one 
turn will decrease the _ setting 
approximately 200 Ibf/in? (14 bar) (14 
Kgf/cm?). Therefore, turn the adjusting 
screw ‘in’ or ‘out’ to obtain the correct 
detent release pressure setting, Figure 7. 
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1. Spool 
2. Adjusting Screw 


Figure 7 
Remote Control Valve Detent Release Adjustment 


3. Valve Body 


13. Re-assemble the detent mechanism to the 


valve spool. Tighten the four bolts evenly 
to the correct torque, see ‘Specifications’ 
— Chapter 4. 


14. To ensure that all the detent mechanism 


components are aligned, place the control 
lever in ‘“‘NEUTRAL” and slacken the four 
detent securing bolts until the assembly is 
loose. Place the lever in the “FLOAT” 
position and retighten the bolts evenly to 
the correct torque, see ‘Specifications’ — 
Chapter 4. 


15. Install the access panel. 
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C. SPECIFICATIONS 


VALVE OPENING PRESSURES 


Lift Cylinder Safety Valve 2650 — 2750 183— 189 187— 193 


*System Relief Valve 2500 — 2600 173— 179 176— 182 
Remote Control Valve 
Detent Release 1900 — 2200 131— 151 134— 154 


*At 8.3 Imp. galls/min, 10 U.S. galls/min, 38 Litres/min. 


VARIABLE FLOW CONTROL VALVE 


End-Play 0.010—0.025 in (0.25—0.64 mm) 


HYDRAULIC PUMP—GEAR TYPE 


Flow Capacity @ 2500 Ibf/in? (172 bar) (176 Kgf/cm?) 


Imp. U.S. ee 
galls/min galls/min 
60 


Ford TW-5 

Ford TW-15 
Ford TW-25 
Ford TW-35 


Pump Speed} Engine Speed 
(rev/min) (rev/min) 


2300 


REMOTE CONTROL VALVE 


Flow Capacity @ 1900 Ibf/in? (131 bar) (134 Kgf/cm?) 


Ford TW-5 Maximum 
Minimum 


Ford TW-15 Maximum 


Minimum 


Ford TW-25 Maximum 
Minimum 


Ford TW-35 Maximum 
Minimum 
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TORQUE SPECIFICATIONS 


Attaching Bolt in End of Torsion Bar 22 30 3.1 
Detent Mechanism Attaching Bolt 8 11 1.1 
Draft Control Adjustment Lock Nut 130 176 | 18.0 
Draft Control Arm Set Screw Jam Nut 22 30 3.1 
Draft Control Lower Linkage Stop Attaching Bolt 55 75 7.6 
Exhaust Valve Plug 65 88 9.0 
Flow Control Actuator Housing Attaching Bolt 12 16 1.7 
Hydraulic Lift Cover Attaching Bolts 155 210 | 21.5 
Hydraulic Pump Attaching Bolts : 22 30 3.1 
Hydraulic Pump Cover Attaching Bolts 35 47 4.9 
Hydraulic Pump Drive Gear Retaining Nut 48 | 65 | 6.7 
Hydraulic Pump Front Cover Attaching Bolts (TW-5, TW-15 and | | 
TW-25) 67 91 9.3 
Hydraulic Pump Rear Cover Attaching Bolts (TW-5, TW-15 
and TW-25) 67 91 9.3 
Hydraulic Pump Body Bolts 35 47 4.9 
Inlet Filter Manifold Attaching Bolts 25 34 3.5 
Hydraulic Pump Manifold Attaching Bolts Without Remote Control 
Lever 40 54 5.6 
Lift Actuating Lever Attaching Nut 80 108 | 11.1 
Lift Arm Attaching Bolts 75 102 | 10.4 
Lift Control Rod Turnbuckle Locknut 25 34 3.5 
Lift Control Valve Attaching Bolts 22 30 3.1 
Lift Control Valve Bushing | 135 183 | 18.7 
Lift Control Valve Check Ball Plug 90 122 | 12.5 
Lift Cylinder Attaching Bolts 280 380 | 38.9 
Oil Pressure Connecting Sleeve 30 41 4.2 
Pilot Sleeve 17 23 2.4 
Pilot Pressure Tube Fittings 22 30 3.1 
Poppet Valve Plug 90 122 |} 12.5 
Position Control Adjustment Locknut 75 102 | 10.4 
Remote Control Valve Attaching Bolts 23 30 3.1 
Remote Control Valve Linkage Locknut 25 34 3.5 
Remote Control Valve Detent Guide Securing Bolts 8 11 1.1 
Remote Control Valve Linkage Bracket Attaching Bolts 10 14 1.4 
System Pressure Tube Fittings: 

e §6At Lift Cover 22 30 3.1 

e At Hydraulic Pump Cover 52 71 7.2 
Variable Flow Control Valve Gland 37 50 5.1 


12 


SAT FE (fn 4 "Y= 2 em eT 


REAR AXLE AND HYDRAULIC OIL 


OIL CAPACITY 
Ford TW-5, TW-15 and TW-25 Less Dual Power 13.3 


Ford TW-5, TW-15 and TW-25 With Dual Power 
Ford TW-35 


LUBRICANT 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 
Operators Manual. 


D. SPECIAL TOOLS 
(Prior Tool Numbers, where applicable, shown in brackets) 


V. L. CHURCHILL NUDAY 
DESCRIPTION TOOL NO. TOOL NO 


Lifting Fixture (Hydraulic Lift Cover) FT.8610 1302 (SW-522) 
Step Plate Adaptors 630S 9210 (630S) 
Break-Away Coupling Male Tip — 2362 (D-8F) 
Hose and Fitting Assembly FT.4100-1 2106 (D-19-HP) 
Adaptor N.1100C 0035 (D-11) 
Pressure Gauge FT.8503A (T.8503A) 2028 (D-22) 

Tee Fitting — 0027 (ND-135-4.1) 
Hose Assembly FT .8503-4 (T.8503-4) 1392 (N-1100-J) 
Load Valve FT.8503-1B (T.8503-1B) | 1394 (N-1100-N) 
Pipe Nipple — No Number 
Low Pressure Hose — No Number 
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PART 8 
HYDRAULIC SYSTEM 


| Chapter 5 
UPGRADED HYDRAULIC SYSTEM CIRCUIT — 
TRACTORS POST APRIL 1985 


Section Page 

A. UPGRADED HYDRAULIC SYSTEM CIRCUIT — 
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B. AUXILIARY ENGINE MOUNTED GEAR TYPE PUM P-— 

DESCRIPTION AND OPERATION 7 
C: PRIORITY VALVE PACK— DESCRIPTION AND 

OPERATION 8 
D. DE-LUXE REMOTE CONTROL VALVES — 

DESCRIPTION AND OPERATION 12 


A. UPGRADED HYDRAULIC SYSTEM CIRCUIT— DESCRIPTION 
AND OPERATION 


The tractor hydraulic system consists basi- 
cally of an oil reservoir, hydraulic pump(s), 
lift cylinder and piston, and lift arms. 


The rear axle centre housing serves as a 
reservoir and supplies oil to the hydraulic 


pump(s). 


The hydraulic circuit utilises single or dual 
constant displacement pump(s) and unload 
valve(s). A control valve spool directs the 
flow of oil to effect a raising, neutral or 
lowering action of the lift arms. 


Various circuit relief valves and check valves 
protect the system components from any 
overload conditions which may be encoun- 
tered during normal or arduous operation. 


Single or dual hydraulic pumps are available 
for the TW range of tractors. Both pump 
options provide simultaneous hydraulic 
power lift and remove valve operation at all 
times. 


With reference to Figure 1, the principal 
hydraulic system components are as follows: 


MAIN HYDRAULIC PUMP 


A gear type pump located in the lower right 
hand side of the rear axle centre housing 
being driven, via an idler gear, by a gear on 
the independent P.T.O. drive clutch hub. 


DUAL PUMP OPTION 


A gear type pump mounted on the rear left 
hand side of the engine block, the drive being 
taken from the engine camshaft. The oil flow 
from the engine mounted pump supplements 
the flow from the main_ transmission 
mounted pump to the remote valve system. 


HYDRAULIC OIL FILTERS 


All TW models have spin-on, full flow, 
suction and return filters located on the 
transmission mounted hydraulic pump cover 
plate. 


For the dual pump option the engine moun- 
ted gear type pump features a spin-on, full 
flow, micronic suction filter situated adjacent 
to the pump. 


LIFT CONTROL LEVER 


The lift control lever is connected through 
internal linkage to the control valve and 
when moved determines a raise, lower or 
neutral condition for the system. 


SYSTEM SELECTOR LEVER 


The system selector lever is used to select 
either Position Control, Draft Confrol or a 
combination of both. | 


For Position Control the lever is located in 
the fully rearward position to maintain the 
implement at a constant height relative to the 
tractor. 


For Draft Control the lever is moved to the 
fully forward position to provide automatic 
implement depth control and thereby main- 
tain constant draft. 


As the lever is moved progressively rearward 
the degree of draft sensitivity is reduced. 


RELIEF VALVE 


The relief valve, situated in the main hydrau- 
lic pump cover assembly, limits the hydraulic 
oil pressure within the circuit in order that the 
pump and system components are not over- 
loaded during the raising function. 


VARIABLE FLOW VALVE 


This manually operated valve, situated in the 

main hydraulic pump cover assembly, varies 
the volume of oil flowing to the hydraulic lift 
cylinder to effect a controlled rate of lift 
response. However, regardless of the flow 
valve setting, when the lift control lever is 
pulled back to the rear of the quadrant the 
rate of flow is at a maximum to effect a fast 
raise of the implement. This action is accom- 
plished through an override linkage. 


CONTROL VALVE 


The control valve, located in the control valve 
assembly attached to the lift cylinder as- 
sembly, is connected through internal 
linkage to the lift control lever. The control 
valve either directs the flow of hydraulic oil 
from the pump into the pilot circuit to effect a 
raise condition or prevents the flow of oil into 
the pilot circuit to facilitate a neutral or 
lowering function. 


LIFT CYLINDER SAFETY VALVE 


This spring operated valve is mounted 
directly into the lift cylinder wall. If shock 
loadings are encountered in the neutral 
function, for example, when transporting 
implements over rough ground, the valve 
opens to relieve excess pressure and protect 
the lift cylinder circuit. 


DROP VALVE 


This ball type check valve, situated in the lift 
control valve assembly, allows hydraulic oll 
to pass to the lift cylinder when raising but 
prevents the return in neutral. In the lowering 
cycle, the ball is unseated by the control 
valve and allows the lift cylinder oil to return 
to the sump via the exhaust valve. 


EXHAUST VALVE (DROP RESTRICTOR) 


This spring operated flow control valve, 
located in the lift control valve assembly, 
restricts the flow of exhaust oil from the lift 
cylinder to the sump thereby controlling the 
rate of implement drop. 
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Exhaust Valve 


5. Check Valve 

6. Return Filter 

7. Variable Flow Valve 
8. Return to Sump 
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Figure 3 


Hydraulic System Oil Flow — Lowering 


Reservoir, Suction 
and Exhaust Oil 


9. Flow Control Valve 13. Remote Cylinder 
10. System Relief Valve 14. Flow Valve in Minimum Flow Setting 
11. Hydraulic Pump 15. Remote Control Valve Spool 
12. Intake Filter 16. Remote Control Valve 


iso Trapped Oil 


17. Remote Control Valve 
18. Lift Cylinder Safety Valve 
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FORD TW-5, TW-15, TW-25 AND TW-35 
HYDRAULIC SYSTEM OIL FLOW-NEUTRAL 


HYDRAULIC LIFT BLOCKING VALVE 


This valve prevents main pump oil from 
entering the hydraulic lift cylinder until the 
control valve is moved into a raise position. 
When this occurs oil pressure is sensed on 
the end of the lift blocking valve spool, which 
moves across against the spring, and allows 
the main pump oil to actuate the lift cylinder. 


TRAILER BRAKE VALVE (where fitted) 


This valve is the first hydraulic component in 
the system after the main pump relief valve 
and thus has priority over all other hydraulic 
functions. The valve senses pressure in the 
tractor brake line and directs main pump oil 
flow into the trailer braking circuit until a 
pressure, proportional to brake pedal effort, is 
generated. 


PRIORITY VALVE PACK 


This valve pack is situated on top of the 
transmission mounted hydraulic pump cover 
plate and contains a set of valves which 
establish pump priority when dual pumps are 
installed, and determines the flow of oil 
delivered to the lift cylinder, auxiliary equip- 
ment and remote valves. 


The priority valve pack contains the follow- 
ing valves: 


Flow Control Valve 


This valve senses the pressure drop across 
the manually variable flow valve and meters 
the supply of main hydraulic pump oil to the 
lift cylinder during slow raise conditions. 


The position of this valve in the circuit 
ensures that the hydraulic lift has priority of 
the main hydraulic pump oil flow over the 
remote valves. In the neutral and lowering 
functions the flow control valve allows main 
hydraulic pump oil to reach the remote valve 
control spool, where it is either utilised at the 
remote valves or by-passed to the sump. 


Unload Valve 


This valve receives all the bypassed oil from 
the Flow Control Valve through a gallery in 
the priority valve pack casting, and the total 
oil flow from the engine mounted gear pump, 
(where fitted), through external pipework. In 
the absence of any oil flow demand from the 
remote valves the unload valve allows all this 
oil flow to be returned to the sump via either 
the return filter or the rear axle lubrication 
system. 


A pilot pressure, generated by activation of 
the remote valves, is sensed on the end of the 
unload spool. The spool moves across and 
combines the oil flow from the main and 
secondary pumps to supply the full oil flow 
requirement to the remote valves. 


The unload valve incorporates a relief valve 
to protect the auxiliary pump and remote 
valve circuits. 


Unload Check Valve 


This one way ball valve allows hydraulic oil 
from the secondary pump to pass to the 
remote valves but prevents the return. This 
valve also prevents hydraulic oil from the 
main pump passing into the secondary pump 
supply line. 


SYSTEM OPERATION 
With reference to Figure 1: 


When the tractor engine is started the main 
hydraulic pump and auxiliary pump (where 
fitted) draw oil via their respective intake 
filters from the centre housing sump. 


Oil from the main pump is directed across the 
relief valve, through the trailer brake valve 
(where fitted) and into the priority valve 
pack. 


The auxiliary pump oil is piped directly to the 
priority valve pack. 


With the control valve in the neutral position 
and with the remote valves inoperative, the 
oil from both pumps is able to return to sump 
via the return filter or rear axle lubrication 
system. 


The control valve prevents supply pressure 
oil passing to the pilot pressure tube from the 
control valve to the right-hand end of the 
flow control valve spool. The pilot circuit is 
open to sump via the drilled passage within 
the control valve. The lift blocking valve 
prevents oil from entering the lift cylinder. 


Lift cylinder oil is trapped by the spring 
loaded drop valve. 


In a raise condition, the control valve allows 
main pump oil to pressurise a pilot line which 
signals the flow control spool in the priority 
valve pack to throttle the free flow of main 
pump oil. The pilot pressure also acts on the 
end of the lift blocking valve which is then 
held back against its spring. A proportion of 
the oil is forced to flow past the flow control 
valve spool and across the open lift blocking 
valve to fill and pressurise the lift cylinder, 
effecting a lift of the hydraulic linkage. 


The restriction due to the flow control valve 
position creates a pressure drop which Is 
sensed on the end of the flow control spool 
and controls its position. 


The position of the flow control spool 
determines the rate of oil flow which in turn 
determines the speed of lift. 


Combined spring and pilot oil pressure, 
acting on the right hand face of the exhaust 
valve, closes the valve to prevent the escape 
of oil from the lift cylinder circuit. 


The system will continue to raise until the 
control valve is moved to the neutral position 
by a draft correction, movement of the lift 
control lever or the lift piston striking the lift 
shut-off pivot. 


Lowering of the lift arms is accomplished by 
moving the control valve to the left either 
manually or by a reduced draft load sensed at 
the lower links. In the lowering position, the 
control valve shuts off supply pressure oil to 
the pilot circuit but allows trapped oil within 
the pilot circuit to return through the valve to 
sump. 


Pump pressure oil at the left-hand end of the 
flow control valve overcomes the spring and 
lack of pressure at the right-hand end and 
forces the valve to the right. This action 
allows the full flow of pump oil to pass across 
the flow control valve throttling land to the 
remote control valve unload spool. If the oil is 
not utilised at the remote valves it is allowed 
to return to sump. 


When the control valve is moved to the left, 
an actuator unseats the drop valve ball and 
releases the trapped lift cylinder oil within the 
poppet. The pressure of the trapped lift 
cylinder oil acting on the land unseats the 
drop poppet. The lift cylinder oil is now 
directed to the sump via the exhaust valve. 
Due to the lack of pressure in the pilot 
pressure tube, the lift cylinder oil forces the 
exhaust valve downwards and opens the 
valve to allow the oil to return to sump. 


The rate of return oil flow is governed by the 
spring loaded exhaust valve. The return oil 
flows through the hole in the top of the valve 
but an excess of oil will tend to force the 
valve downwards against the spring press- 
ure. This action automatically reduces the 
size of the outlet ports and restricts the flow 
of oil from the valve to the sump. A controlled 
lift cylinder drop is thus maintained under all 
lift linkage loading conditions. 


B. AUXILIARY ENGINE MOUNTED HYDRAULIC GEAR TYPE PUMP— 
DESCRIPTION AND OPERATION 


The pump is mounted on a machined face at 
the rear left-hand side of the engine and is 
driven by the camshaft, through helical 
gears, to give a ratio of engine to pump 
rev/min of 1:1.067. 


Hydraulic oil is drawn by the pump from the 
rear axle centre housing through an external 
pipe. 


Before entering the pump, the oil first passes 
through a replaceable micronic filter which 
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screws onto a threaded adaptor mounted in 
the cover. 


A set of spur gears, housed in the body of the 
pump, supply oil to the remote system circuit. 
The spur gears are supported in aluminium 
bearings incorporating steel bushes with 
phosphor bronze and P.T.F.E. plus lead 
linings. 


A cross-section of the engine mounted gear 
type pump is shown in Figure 2. 
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Figure 2 
Cross-Section of Engine Mounted Hydraulic Gear Type Pump 
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. Cover 6. Idler Gear 11. Shaft Seal 
. Drive Gear 7. Washer 12. Body 
. Through Bolt 8. Idler Gear Shaft 13. Driven Gear 
. Circlip 9. Housing 14. Bearing 
Plug 10. External Gear 15. Threaded Adaptor 
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Oil Flow 
With reference to Figure 3 


On entering the pump, the hydraulic oil fills 
the spaces between the teeth of the revolving 
gears and Is then carried around, within the 
pump body, to a point where the teeth of the 
two gears come into mesh. 


As the oil cannot pass back between the 
gears it is forced out of the pump body to an 
outlet port in the pump cover. 


The oil is directed through an external pipe to 
the priority valve pack mounted on top of the 
main hydraulic pump cover plate. 


Figure 3 


Oil Flow in Hydraulic Gear Type Pump 


ME Pressure Oil suction oi 


A. To Hydraulic Circuit B. From Reservoir 
1. Driven Gear 2. Drive Gear 


C. PRIORITY VALVE PACK— DESCRIPTION AND OPERATION 


The priority valve pack is situated on top of 
the transmission mounted hydraulic pump 
cover plate, Figure 4, and contains a set of 
valves which establish pump priority when 
dual pumps are installed. 


With reference to Figures 5 and 6 


In the neutral and lowering functions, view 
A, there is no demand for oil from the 
hydraulic lift or remote valve circuits, con- 
sequently the hydraulic lift pilot line (4) and 
the remote valve pilot line (23) are not 
pressurised. Oil flow from the main hydraulic 
pump enters the valve (10) via the relief valve 
and the trailer brake valve, where fitted. The 
force of the oil flowing causes the flow 
control spool (3) to move to the left against 
the spring. All of the main pump oil then 
flows through an internal oil gallery to the 
unload spool (2). The unload spool is also 
moved to the left against the spring by the 
flow of main pump oil. 
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Figure 4 
Priority Valve Pack Installation 


. Priority Valve Assembly 
. Auxiliary Pump Feed 


Flow Control Crank 


. Hydraulic Lift Pilot Line 

. Remote Valves Return 

. Remote Valves Pilot Line 

. Remote Valves Supply 

. Valve-to-Pump Cover Bolts 


a 


ania O = Saree 
aa ce 


te 


4 & pd “ot { -, 0, 
= i, CO tt 
(a A 
eat i | (9) 


Figure 5 
Priority Valve Pack Oil Flows 

; Reduced Pump Reservoir Suction Trapped or 

Resi Pump Pressure Oil Pressure Oil and Exhaust Oil Static Oil 
A. Neutral B. Lowering 

1. Unload Check Valve 9. Flow Control Restrictor 17. Lift Piston Seal 
2. Unload Spool 10. From Main Hydraulic Pump 18. Exhaust to Reservoir 
3. Flow Control Spool 11. Exhaust to Reservoir 19. Control Valve 
4. Hydraulic Lift Pilot 12. Drop Valve 20. Lift Cylinder 
5. Pump Cover Plate Assembly 13. Lift Blocking Valve 21. Lift Piston 
6. Remote Valve Oil Supply 14. Exhaust Valve 22. Lift Cylinder Safety Valve 
7. Remote Valve Return Oil 15. Control Valve Assembly 23. Remote Valve Pilot 
8. Priority Valve Pack 16. Ram Arm Connecting Rod 24. From Auxiliary Pump 
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Oil flow from the auxiliary pump enters the 
priority valve (24) and flows across the 
unload spool where the oil flows from both 
pumps combine and leave the valve (11) to 
flow to the reservoir via the return filter. 


In the slow raise condition, view C, the 
control valve allows pressurised oil to enter 
the hydraulic lift pilot circuit. Pilot pressure 
causes the flow control spool to move 
partially to the right which throttles the free 
flow of main pump oil to the unload valve. 


Pressurised oil passes across the flow control 
spool to supply the hydraulic lift circuit. The 
rate of oil flow corresponds to the pressure in 
the pilot circuit which is determined by the 
flow control restrictor. 


Residual main pump oil flow follows the 
same path as for the neutral condition to 


combine with auxiliary pump oil flow and 


return to the reservoir. 


The system will continue to raise until the 
control valve is moved to the neutral position 
by a draft correction, movement of the lift 
control lever or the lift piston striking the 
control valve lever. 


In a fast raise condition a high pilot pressure 
forces the flow control spool fully to the right 
and the total main pump output is directed to 
the lift cylinder. There is no residual main 
pump flow passing to the unload valve. 
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Auxiliary pump flow continues to pass the 
unload valve spool and return to the re- 
servoir. At no time does the auxiliary pump 
output supplement the main pump oil to the 
hydraulic lift circuit. 


When the remote valves alone are actuated 
the pressurised remote valve pilot line (23) 
moves the unload valve to the right, prevent- 
ing the free flow of main pump oil to sump. 
Main pump oil then flows to the remote valve 
circuit. 


When remote valve demand exceeds main 
pump flow, auxiliary pump oil flow lifts the 
unload check valve and supplements main 
pump oil to meet the remote _ valve 
requirement. 


In a situation where fast raise and remote 
valve functions are required simultaneously, 
View D, the high lift pilot pressure causes the 
flow control spool to direct all main pump 
flow to the lift circuit. The high remote valve 
pilot pressure causes the unload valve spool 
to block the free flow of auxiliary pump oil to 
the reservoir, whereupon the oil lifts the 
unload check valve and enters the remote 
valve circuit. 


When the remote valve system is overloaded 
excessive pressure is sensed via the pilot line 
at the left hand end of the unload valve spool. 
The internal relief valve lifts against the 
spring pressure to vent the left hand side of 
the spool. The change in pressure across the 
spool moves the spool to the left and allows 
the excess flow from both pumps to be 
exhausted to sump. 


SSP 


Figure 6 
Priority Valve Pack Oil Flows 
Reduced Pump Reservoir Suction Trapped or 

Poe rump Pressure Ol Pressure Oil and Exhaust Oil | Static Oil 

C. Slow Raise D. Fast Raise and Remote Valve Operation 
1. Unload Check Valve 9. Flow Control Restrictor 17. Lift Piston Seal 
2. Unload Spool 10. From Main Hydraulic Pump 18. Exhaust to Reservoir 
3. Flow Control Spool 11. Exhaust to Reservoir 19. Control Valve 
4. Hydraulic Lift Pilot 12. Drop Valve 20. Lift Cylinder 
5. Pump Cover Plate Assembly 13. Lift Blocking Valve 21. Lift Piston 
6. Remote Valve Oil Supply 14. Exhaust Valve 22. Lift Cylinder Safety Valve 
7. Remote Valve Return Oil 15. Control Valve Assembly 23. Remote Valve Pilot 
8. Priority Valve Pack 16. Ram Arm Connecting Rod 24. From Auxiliary Pump. 
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D. DE-LUXE REMOTE CONTROL VALVES — DESCRIPTION AND OPERATION 


The Ford De-Luxe Remote Control Valves 
are used for the operation of external hydrau- 
lic services. 


The De-Luxe Remote Control Valves may be 
either single or double spool blocks which 
can be installed in combinations to give one, 
two, three or four spool capability depending 
on vehicle build specification. 


The De-Luxe Remote Control Valves are 
mounted at the rear of the tractor, Figure 7, 
and bolted directly on the quick release 
couplings. The couplings are specially de- 
signed to give unrestricted flow and there- 
fore low back pressure return. External 
equipment is simply plugged into the quick 
release coupling and a lever on the side of the 
coupling moved to the horizontal position to 


allow oil flow to and from the external 


hydraulic equipment. 


The coupling lever should be moved to the 
vertical position before the disconnecting 
the external hydraulic hoses. 


The control valve spools are operated by 
control levers in the cab via linkage and 
connecting rods. 
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Three hydraulic connections are made be- 
tween the control valve body and the tractor 
hydraulic system. The three lines provide an 
hydraulic supply to the De-Luxe Remote 
Control Valve, a return for exhaust oil and a 
pilot line. 


The De-Luxe Remote Control Valves are of 
the closed centre type connected in parallel 
with the tractor hydraulic system. The hy- 
draulic lift system has priority on the main 
hydraulic pump output over the De-Luxe 
Remote Control Valves. 


The oil flow from the auxiliary pump (where 
fitted) is available at all times for the De- Luxe 
Remote Control Valves. 


Figure 7 
De-Luxe Remote Control Valve Installation 


. Valve Supply Tube 

. Valve Exhaust Tube 

. Valve Pilot Tube 

. Couplers 

. Remote Valve Assembly 
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Each De-Luxe Remote Control Valve has a 
flow control restrictor to enable the output of 
every spool to be individually adjusted to suit 
particular operations. The restrictor is 
mounted at the rear of the valve body and is 
turned by means of an easily accessible flow 
control knob which is graduated for re- 
ference, and to enable frequently used 
settings to be repeated. When operating any 
spool at a slow flow setting any excess 
output from the: hydraulic pump(s) is re- 
turned to sump by the priority valve pack. 


A centring spring, located at the rear of the 
control valve spool holds the spool in the 
neutral position until displaced by movement 
of the control lever via the linkage. The 
control valve, and therefore control lever, has 
four positions to give raise, neutral, lower 
and float. 


A detent mechanism, also located at the rear 
of the spool, holds the control valve spool in 
the raise or lower position until released by 
the increase in pressure when the remote 
cylinder reaches the end of its stroke. 


The pressure required in the external hy- 
draulic systems to return the control valve to 
neutral is easily adjusted by means of the 
detent regulating valve which is located on 
the exterior of the valve block in the housing 
containing the control valve centring spring. 


Screwing the detent regulating valve in will 
increase the pressure required in the external 
Circuit to release the detent mechanism and 
allow the centring spring to return the control 
spool to neutral. 
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Screwing the detent regulating valve out will 
allow the control valve spool to return to 
neutral at a lower pressure in the external 
Circuit. 


Refer to ‘Pressure Testing Detent Regulating 
Valve’ — Chapter 8. 


The detent regulating valve may also be 
screwed out so that the remote system 
pressure will be sufficient to permanently 
release the detent mechanism. In this way the 
operation of the De-Luxe Remote Control 
Valve will be “non-detented”’ and the control 
spool will return to neutral when the control 
lever is released. ‘‘Non-detented”’ operation 
provides easier control for applications 
requiring small incremental adjustment of 
external hydraulic cylinder travel. 


The detent mechanism, if required, will also 
hold the control spool in float. However 
when operating in the float position both 
sides of the external hydraulic cylinder are 
connected to the return circuit therefore 
pressure cannot be generated to operate the 
detent regulating valve and overcome the 
detent mechnanism. The control valve spool 
will remain in float until the control lever is 
manually returned to neutral. 


The De-Luxe Remote Control Valves may be 
used to operate double-acting or single- 
acting equipment. For single-acting oper- 
ations the single external hose is connected 
to the lift port of the quick release coupling. 
The single-acting cylinder is extended by 
moving the control lever to raise, and 
retracted by moving the control lever directly 
to the float position. 


IMPORTANT: A/ways use the float position 
to lower a single-acting cylinder. 


The valve assemblies do not contain relief 
valves as protection from excessive pressure 
is provided by the priority valve pack. 


The oil flow through the single spool control 
valve with the spool in neutral is shown in 
Figure 8. 


The tractor hydraulic system oil from the 
priority valve pack is connected by external 
tubing to port ‘A’. The control valve spool is 
held in neutral by the centring spring, 
blocking passage ‘B’ so that the load check 
valve is held closed by a combination of the 
pressure of the oil trapped in passage ‘B’ and 
the force of the check valve spring. The 
galleries ‘C’ and ‘D’ connect with the return 
oil galleries ‘E’ and ‘F’ when the control spool 
is in neutral. The shuttle check valve is 
therefore connected to galleries ‘E’ and ‘F’. 
The shuttle check valve is connected by 
internal drillings to the pilot line. 


With the pilot line at low pressure the 
unload valve in the priority valve pack directs 
hydraulic pump oil to sump. 


For further details of the priority valve pack 
operation, see Section C of this Chapter. 


With the control valve spool in neutral the lift 
port ‘G’ and drop port ‘H’ are closed, trapping 
oil at both ends of the external cylinder. 
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Moving the spool forwards to the ‘raise’ 
position causes the centring spring to be 
compressed from the rear, which attempts to 
return the control valve to neutral, but the 
valve is prevented from doing so by the 
detent mechanism. 


The detent mechanism consists of an annular 
ring of ball bearings forced inwards by the 
cone face of the detent spool under the 
influence of a coil spring. 


The control valve spool is retained in raise by 
the detent balls engaging the rearmost 
groove of the detent plunger, Figure 9. 


In the raise position of the spool the bypass 
pressure developed by the priority valve 
initially allows oil from port ‘A’ to open the 
load check valve, pass through the flow 
control restrictor, through passage ‘B’ to the 
control valve spool and port ‘G’. From port 
‘G’ and gallery ‘D‘ some of the oil flows to the 
shuttle check valve and moves the ball 
against the opposite seat. The oil in the 
shuttle valve is therefore prevented from 
passing to gallery ‘C’ but can flow through 
the pilot line to the priority valve pack. The 
pilot pressure acting on the unload valve 
displaces the spool and ensures continued 
flow of oil from the hydraulic pump(s) to the 
remote control valve port ‘A’ and through the 
check valve. 


NOTE: /n certain conditions, such as re- 
suming lift on a partially raised tipping trailer, 
pressure at the lift port ‘“G’ may be greater 
than the system pressure at port ‘A’, thus 
preventing opening of the load check valve. 
Under these circumstances oil will flow from 
the lift port ‘G’, to the shuttle valve and 
through the pilot line to the priority valve 
pack. This small flow of oil from the external 
eguipment will displace the combining 
(sequencing) valve to initiate flow of oil to 
port ‘A’. The oil pressure at port ‘A’ will rise 
until higher than the pressure at the /ift port 
‘G’ and so open the load check valve. 
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Figure 8 

Single Spool De-Luxe Remote Control Valve — Neutral Position 
1. Flow Control Knob 7. External Cylinder 13. Flow Control Spool 
2. Detent Regulating Valve 8. Valve Body 14. Flow Control Restrictor 
3. Detent Spool 9. Control Valve Spool 15. Load Check Valve 
4. Detent Spring 10. Shuttle Check Valve 16. Check Valve Spring 
5. Detent Balls 11. Pilot Line 
6. Centring Spring 12. Flow Control Spring 
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The oil flows through the load check valve, 
across the control valve spool to the lift port 
and external cylinder. As the cylinder ex- 
tends, oil is displaced from the rod end and 
flows to the drop port ‘H’. From port ‘H’ the 
return oil flows across the control valve spool 
to the exhuast gallery ‘E’ and returns, via 
external pipework, to the hydraulic system 
reservoir. 


The flow control restrictor consists of a 
slotted sleeve keyed to the flow control knob. 
The knob and sleeve may be rotated in the 
valve body to vary the area of the slot open to 
passage ‘B’ and so meter the flow of oil from 
port ‘A’ to the external equipment. 


With the flow control knob turned to max- 
imum, the restrictor slot aligns with passage 
‘B’ and permits maximum flow to the lift port. 
The pressure at port ‘D’, applied at the shuttle 
valve, will be slightly less than the pressure at 
port ‘A’ due to the pressure drop developed 
in the circuit between ‘A’ and ‘D’ Figure 9. 


With the flow control knob set at maximum 
the pilot line pressure combined with the 
unload spool spring maintains maximum 
flow to the De-Luxe Remote Control Valves. 


The supply and pilot pressure are felt at either 
end of the priority valve unload spool and, 
while the difference between these pressures 
is minimal, the unload spool spring assures 
that maximum hydraulic oil flow is directed 
to the De-Luxe Remote Control Valve. 


As the flow control knob is rotated towards 
slow flow, the area of the flow control 
restrictor slot aligning with passage ‘B’ is 
reduced, restricting the flow of oil to the 
external cylinder. The greater restriction will 
cause the pressure in the supply line to 
increase relative to the pressure in the pilot 
line. 


The increased supply pressure applied on 
one end of the unload spool compared to 
the sum of the spring force and pilot pressure 
felt on the opposite end, causes the unload 
spool to be displaced allowing a proportion 
of the supply oil to return to sump. The 
greater the restriction set by the flow control 
knob, the higher will be the pressure dif- 
ference, causing a greater proportion of 
supply oil to be returned to sump. 


The De-Luxe Remote Control Valve, in 
conjunction with the priority valve, therefore 
has the ability to provide an infinitely variable 
Output flow between the minimum and 
maximum flow settings. 
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Figure 9 
De-Luxe Remote Control Valve— Raise Position 


| |Reduced Pressure Oil 


The priority valve pack contains a pilot At a specific pressure, below the priority 
operated relief valve to protect the remote valve pack relief valve setting, the detent 
control valves and external equipment regulating valve opens. This pressurised oil 
should the supply pressure exceed a pre-set acts on the shoulder on the outside diameter 


value. of the detent spool which is then forced back 
against the detent spring. 


For full details of the operation of the priority 

valve pack see Section C of this Chapter. The compression force applied by the cone 
on the detent balls is relaxed and the control 
spool is returned to neutral under the 
influence of the centring spring. An orifice in 
the passage from the detent plunger allows 
the high pressure oil to drain frorn the 


When the cylinder reaches the end of the plunger to the oil return circuit. The detent 
travel, the increased pressure is sensed by the regulating valve re-seats when the pilot 
detent regulating valve via the shuttle check pressure decreases to a level below the 
valve. specified detent regulating valve pressure. 
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Figure 10 illustrates the control valve spool in 
the ‘lower’ position with the centring spring 
compressed from the front, however the 
detent mechanism prevents the control valve 
from returning to neutral. 


Oil from the supply port ‘A’ opens the load 
check valve, passes through the flow control 
restrictor to passage ‘B’ and across the 
control valve spool to port ‘H’. From gallery 
‘C’ a proportion of the oil flows to the shuttle 
check valve, moves the ball to the opposite 
seat and pressurises the pilot line. The 
pressure in the pilot line is sensed by the 
priority valve which continues to direct oil to 
the remote control valve. As described for the 
‘lift’ cycle the supply of oil is governed by the 
pressure difference between the supply line 
and the pilot line which in turn is controlled 
by the setting of the flow control restrictor. In 
slow flow settings the pressure build up in 
the supply line causes the priority valve to 
return excess oil to sump. 


As the cylinder retracts the oil displaced from 
the piston end of the cylinder flows to the lift 
port ‘G’, across the spool to the exhaust 
gallery ‘F’. 


When the cylinder reaches the end of the 
travel the increased pressure created in ports 
‘H’ and gallery ‘C’ via the shuttle check valve 
opens the detent plunger and allows the 
control spool to be returned to neutral by the 
centring spring. 
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Moving the control valve spool fully rear- 
wards to the ‘float’ position, Figure 10, 
engages the forward groove of the detent 
plunger with the detent balls which retain the 
spool. Passage ‘B’ is blocked by the control 
spool as in the neutral position, Figure 8. 


Galleries ‘C’ and ‘D’ are connected to the 
sump return galleries ‘E’ and ‘F’. The pilot line 
cannot therefore be pressurised and the 
priority valve directs the hydraulic pump 
output to sump as described in the neutral 
cycle. 


The lift port ‘G’ and drop port ‘H’ both 
communicate with the return galleries allow- 
ing the remote cylinder to ‘float’ and assume 
any position. 


In the ‘float’ cycle pressure cannot be 
generated at the shuttle check valve to 
release the detent mechanism. The control 
spool can only be returned to neutral manu- 
ally by means of the control lever. 


Double spool De-Luxe Remote Control 
Valves contain two spools. The valve spools 
are identical in design and operation to the 
single spool valve, and each spool has Its 
own flow control restrictor, detent regulating 
valve and shuttle check valve. Each spool 
may therefore be individually adjusted for 
output flow and detent return-to-neutral 
pressure to suit operating conditions. 


Figure 10 
De-Luxe Remote Control Valve— Lower Position 
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Figure 11 
De-Luxe Remote Control Valve — Float Position 


Pressure Oil ae Return Oil 


19 


l 


DONIMM 


Figure 12 
De-Luxe Remote Control Valve— Flow Control Operation in Raise Position 


ama Pressure Oil ae Controlled Pressure Oil oe Reduced Pressure Oil beg Return Oil 


Additionally double spool valves contain a 
third shuttle check valve, Figure 12, which 
ensures that whichever spool is operating at 
the higher pressure will send an oil flow 
through the pilot line to operate the priority 
valve. Should two De-Luxe Remote Control 
Valve blocks be fitted a further shuttle check 
valve is incorporated in the pilot line external 


pipework to ensure the block containing the’ 


spool operating at the highest pressure will 
signal the combining (sequencing) valve. 
The combining (sequencing) valve will 
therefore always sense the highest operating 
pressure generated by any spool. 


In the event of two spools being operated 
simultaneously, both with flow controls set 
at maximum, one against a heavy resistance 
the other under a light load, all the flow of oil 
from the priority valve pack will attempt to 
flow to the cylinder operating under light 
load. Conversely if the flow controls on both 
spools are set for partial flow, the pre-set 
flow levels will be maintained by the flow 
control valve irrespective of differences in 
operating pressures provided the flow con- 
trol settings are within the capability of the 
available pump flow. 
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In Figure 12, passage ‘B’ connects via internal 
drillings and the shuttle check valve to act 
behind the flow control spool. The portion of 
the spool in port ‘A’ contains radial holes 
through which the oil supply must flow to 
reach the control valve spool, whilst the oil 
pressure in port ‘A’ can act on the face of the 
spool. 


Should an excessive amount of oil attempt to 
pass through the flow control restrictor, 
increased pressure will be generated in port 
‘A’ acting on the face of the flow control 
spool, compared with the pressure in 
passage ‘D’ acting behind the spool. The 
flow control spool will therefore be moved 
against the spring effectively ‘throttling’ port 
‘A’ as the radial holes are covered, ensuring 
the flow to the control spool under light load 
is not excessive, and maintaining high 
pressure in the supply line to operate other 
remote control valve spools under heavy 
load. 
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A. HYDRAULIC POWER LIFT— DESCRIPTION AND OPERATION 


The hydraulic power lift is regulated both in 
Draft and Position Control by movement of 
the control valve. Depending upon the 
position of this valve, hydraulic oil is directed 
to effect a raise, lower or neutral action. 


The position of the control valve can be 
altered either by moving the lift control lever 


Figure 1 
Lower Link Torsion Bar Reaction 

1. Adjusting Screw 6. Left Hand Lower Link 
2. Draft Rod 7. Left Hand Lower 
3. Right Hand Lower Hanger 

Link Hanger 8. Anchor 
4. Right Hand Lower 9. Draft Control Lever 

Link 


5. Torsion Bar 


or by a force acting on the lower links when 
in Draft Control. 


DRAFT CONTROL 


The system of Draft Control uses the lower 
link signal to raise or lower the implement 
working depth to maintain a constant draft. 
When the system selector lever is pushed 
fully forward in the control console, the Draft 
Control system functions as follows: 


Figure 2 
Draft/Position Control Linkage — Draft Control 


7. Pivot Point 
8. Position Control Arm 
9. Ram Arm 

10. Selector Shaft 


1. Control Valve Lever 

. Connecting Rod 

. Control Valve 

. Pivot Arm 

. Draft Control Lever 

. Draft/Position Control 
Guide 
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RAISING 


With reference to Figure 1. 


During operation with the implement at 
normal working depth, the implement draft 
‘loads’ a torsion bar through the left and right 
hand lower links and hangers. 


The hangers are splined to a hollow cross- 
shaft. Movement of the cross-shaft is re- 
sisted by the torsion bar splined into the 
hollow cross-shaft at one end and anchored 
to the rear axle casing at the other. 


As the draft increases, the resistance of the 
implement increases the pull on both lower 
links. This force causes the lower link 
hangers to turn the torsion bar in the 
direction indicated by the arrow. This twist- 
ing force on the torsion bar pulls the draft 
rods downwards causing the draft control 
lever to pivot rearwards. The draft control 
lever is connected to the control valve by the 
connecting rod, Figure 2. As the draft 
increases, the control valve is moved into the 
“RAISE” position to lift the implement 
slightly and reduce the draft joad on the 
tractor. 


LOWERING 


Lowering of the implement (increasing the 
working depth) occurs when the draft 
decreases and the resistance of the imple- 
ment lessens the pull on both lower links. 
The twisting force on the torsion bar de- 
creases and allows the torsion bar to ‘un- 
wind’. The resultant signal is transmitted 
through the linkage to the control valve 
which moves into the “LOWER” position to 
drop the implement slightly and increase the 
load on the tractor. As the draft increases, 
lowering ceases and the full cycle of Draft 
Control correction is repeated to maintain a 
constant working depth. 


Three degrees of Draft Control sensitivity are 
provided. 


Figure 3 
Draft/Position Control Linkage — Position Control 


1 
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3 
4 
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. Control Valve Lever 

. Connecting Rod 

. Control Valve 

. Pivot Arm 

. Draft Control Lever 

. Draft/Position Control Guide 
. Pivot Point 

. Position Control Arm 

. Ram Arm 

. Selector Shaft 


_ 


POSITION CONTROL 


With reference to Figure 3. 


The system of Position Control enables the 
working depth or height of an implement, 
relative to the tractor, to be pre-set and 
maintained. When the system selector lever 
is pulled fully rearwards in the control 
console to the Position Control setting, the 
Draft Control portion of the system is 
rendered inoperative. This is effected by the 
selector shaft raising the connecting rod 
which positions the guide end horizontally 
with the pivot point. Thus, the draft control 
will not respond automatically. Therefore, 
the lift has to be raised or lowered by 
manually moving the lift control lever which 
is connected to the control valve through the 
control valve lever. 
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A. HYDRAULIC LIFT COVER ASSEMBLY 
REMOVAL 


1. Remove the cab or platform as detailed in 
Part 11, “SAFETY CABS AND 
PLATFORMS". 


2. Disconnect and remove the remote 
valves and tubes. Plug all openings to 
prevent entrance of dirt into the hydraulic 
system. 


Figure 1 
P.T.O. Lever and Bracket Removal 
and Installation 


; 1. Lever and Bracket Assembly 
3. Disconnect the P.T.O. control rod from > Control Rod 


the lever and bracket assembly, Figure 1. 3. Lift Cylinder Mounting Bolts— Located under 
Remove the assembly from the lift cover. Lever and Bracket Assembly 
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Figure 2 
Remote Valve Bracket and Lift Rod Removal 
1. Lift Arm 
2. Lift Rod 


3. Remote Valve Bracket 


4. Remove the attaching bracket from the 
hydraulic lift cover, Figure 2. Remove the 
assembly and tubes from the tractor. 


5. Disconnect the lift rods from the lift arms. 


6. Disconnect the pilot pressure tube, the 
lift pressure tube and the override rod 
from both the hydraulic lift cover and 
pump cover, Figure 3. 


7. If the lift cylinder and control valve 
assembly is to be removed from the 
cover, loosen the four bolts, Figure 1. 


8. Remove the hydraulic lift cover-to- 
centre housing attaching bolts. 
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Figure 3 
Lift Cover Hydraulic Tube Connections 

1. Priority Valve Pack 
2. Hydraulic Pump Cover 
3. Lift Pressure Tube 
4. Pilot Pressure Tube 
5. Lift Cover 
9. Attach the Lifting Fixture, Tool No. oS 

FT8610 or 1302, to the cover and lift the y 


assembly from the housing as shown in 
Figure 4. 
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Figure 4 
Hydraulic Lift Cover Removal and Installation 


1. Hydraulic Lift Cover 

2. Roller 

3. Draft Sensing Yoke 

4. Tool No. FT8610 or 1302 


Figure 5 
Hydraulic Lift Cover Assembly 


1. Pilot Sleeve 

2. Oil Pressure Connecting Sleeve 
3. Control Valve Assembly 

4. Lift Cylinder 


DISASSEMBLY 


Use a suitable hoist to position the 
hydraulic lift cover on end as shown in 
Figure 5. 


Remove the oil pressure connecting 
sleeve and pilot sleeve from the side of 
the cover. 


Withdraw the four attaching bolts then 
remove the lift cylinder and control valve 
assembly from the lift cover. For dis- 
assembly of the lift cylinder and con- 
trol valve assembly, see Page 9. 


Extract the split pin and retaining ring 
then remove the hydraulic lift connecting 
rod actuator assembly from the lift cover, 
Figure 6. 


Remove the hexagonal nut from the lift 
actuating lever, Figure 7. Carefully prise 
the lever from the lift cover. 


Figure 6 
Hydraulic Lift Cover Assembly Less Control 
Valve And Lift Cylinder 


1. Split Pin 

2. Connecting Rod Actuator Assembly 
3. Retaining Ring 

4. Hydraulic Lift Cover 


Figure 7 

Hydraulic Lift Position Control Levers and Shafts 
1. Lift Arms 10. Spacer 
2. Hexagon Nut 11. Position Control 
3. Spring Selector Shaft 
4. Retaining Ring 12. Roll Pin 
5. Position Control 13. Ram Arm 

Selector Lever 14. Retaining Rings 
6. Lift Actuating Lever 15. Lift Shaft 
7. Hexagon Nut 16. Position Control Lever 
8. Washers 17. Position Control Shaft 
9. Lift Actuating Shaft 18. Pin 
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Remove the woodruff key and friction 
disc from the lift actuating shaft. Tap the 
shaft from the lift cover. Remove the 
spring and washers from the shaft. 


Remove the retaining ring from the 
position control selector lever. Remove 
the lever and woodruff key from the shaft. 
Tap the shaft from the lift cover. 


Withdraw the retaining ring from the end 
of the position control shaft then remove 
the position control lever. 


Remove the hexagonal nut and lock 
washer from the position control shaft. 
Drive the pin from the lift cover and 
remove the shaft. 


Remove the attaching bolt and washers 
from each end of the lift shaft then pull 
the arms off the shaft. 


Move the retaining ring on the right side 
of the ram arm to the right as far as 
possible. 


Slide the ram arm to the right as far as 
possible then move the retaining ring, on 
the left side of the arm, up over the splines 
on the lift shaft. 


Use a hammer and brass drift to drive the 
lift shaft from right to left until the right- 
hand retaining ring and ram arm can be 
removed. Remove the ring and arm. 


Drive the lift shaft from right to left. 
Ensure the left-hand retaining ring does 
not catch in the right-hand groove as the 
shaft is driven from the cover. 


Figure 8 
Hydraulic Lift Arm Bushings and Seals 
1. Bushing 
2. Lift Shaft Seal 
3. Vent Plug 
4. Lift Cover 


INSPECTION AND REPAIR 


1. Clean all parts thoroughly with a suitable 
solvent. 


2. Check the lift shaft seals for evidence of 
wear and the bushings for scoring, prise 
the seals from the lift cover and remove 
the bushings with a chisel. 


NOTE: A meta/ screw brazed or welded to 
the end of a slide hammer makes an ideal tool 
for removing the seals. The screw can be 
threaded into the metal portion of the seal, 
and the hammer used to pull the seal. 


3. Use a hammer and a suitable Step Plate 
from Kit, Tool No. 630S or 9210 to drive 
the bushings into place. Tap new seals 
into place with a mallet. 


4. Remove and clean the vent plug, Figure 8. 
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Figure 9 
Connecting Rod Actuator Assembly 


. Roll Pin 

. Pivot Pin 

. Draft and Position Control! Guide 
. Roller 


Clevis Pin 
Clevis 


. Actuator 

. Roll Pin 

. Roll Pin 

. Pin and Roller 


Remove all old gasket material from the 
surface of the lift cover. Check the 
surface for nicks and burrs. Use a stone, 
as required, to remove imperfections. 


Check the pin and roller, pivot pin, roller, 
clevis pin and control guide for wear, 
Figure 9. If the parts are worn, drive out 
the roll pins to separate the assembly. 


Remove the retaining rings and dis- 
assemble the actuator, Figure 10. Check 
the spring and bearing for damage or 


wear. Where necessary, install new parts. 
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Figure 10 
Connecting Rod Actuator — Exploded View 


13.77-13.80 in (349.6-350.4 mm) 


. Internal Retainer Ring 
. Clevis 
. Hexagon Nut 


Spring 
Rod 


. Actuator 
. Retainer Ring 
. Bearings 


Assemble the actuator assembly and 
adjust the clevis to obtain a dimension of 
13.77 to 13.80 in (349.6 to 350.4 mm) 
between the pivot points on the end of 
the actuator and the clevis. Lock the 
clevis in place with the hexagonal nut 
and securely tighten. 


Inspect the ‘O’ ring seals on the oil 
pressure connecting sleeve and the pilot 
sleeve, Figure 5. Replace, if necessary. 


Inspect the ‘O’ ring seal on the position 
control selector shaft, Figure 7. Replace, 
if necessary. 
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RE-ASSEMBLY 


1. 


Lubricate the lift shaft seals and bush- 
ings, Figure 8. Start to pass the lift shaft 
through the left-hand side of the hydrau- 
lic lift cover, Figure 7. Install one retain- 
ing ring, the ram arm and the second 
retaining ring, over the shaft as it passes 
through the cover. 


Align the index mark on the arm with the 
index mark on the lift shaft. Complete the 
installation of the shaft and ram arm by 
seating the retaining rings in the grooves 
of the shaft. 


Insert the position control shaft through 
the lift cover and drive the pin into place. 


Attach the position control lever to the 
roll pin and secure to the position control 
shaft by installing the retaining ring on 
the end of the shaft. Install the lock 
washer and hex nut on the opposite end 
of the shaft. 


Install the position control selector shaft 
and spacer. Install the woodruff key in 
the shaft. 


Install the position control selector lever 
on the shaft and secure with the retaining 
ring. 


Place the spring and washers in the lift 
actuating shaft. Insert the shaft through 
the lift cover. 


8. 


10. 


11. 


12. 


13. 


Install the friction disc, woodruff key and 
lift actuating lever on the shaft. Secure 
the lever with the hexagon nut. Tighten 
the nut to the specified torque, see 
Specifications’ — Chapter 8. 


Install the connecting rod actuator as- 
sembly and secure with the retaining ring 
and split pin, Figure 6. Ensure the 
assembly is correctly adjusted, see Page 
45, ‘Connecting Rod _ Actuator 
Adjustment’. 


Assemble the lift cylinder and control 
valve assembly as detailed on Page 10. 


Install the assembled lift cylinder and 
control valve assembly in the hydraulic 
lift cover. Install the four bolts through 
the top of the lift cover to retain the 
assembly. The bolts should be tightened 
to the correct torque after the lift cover is 
secured to the centre housing, see 
“Specifications” — Chapter 8. 


Install the pilot sleeve and oil pressure 
connecting sleeve, Figure 5. Tighten the 
sleeves to the correct torques, see 
“Specifications — Chapter 8. 


Install the lift arms so the index on the 
arms and lift shaft align. Both arms are 
identical and can be installed on either 
end of the shaft. Retain the arms on the 
shaft with the bolts and washers previ- 
ously removed. Tighten the bolts to the 
correct torque, see ‘‘Specifi- 
cations '— Chapter 8. 
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INSTALLATION 


1. 


Place a new gasket on the hydraulic lift 
cover. 


Attach the Lifting Fixture, Tool No. 
FT8610 or 1302, to the cover as shown in 
Figure 4. Lower the assembly into place 
so the dowels enter their mating holes in 
the centre housing and the roller enters 
the draft sensing yoke. 


Remove the lifting fixture. 


Install the hydraulic lift lower attaching 
bolts. Tighten the lift cover and lift 
cylinder retaining bolts to the specified 
torques, see ‘Specifications’ — Chapter 
8. 


Connect the system pressure tube to the 
lift cover and the pump cover, Figure 5. 
Tighten the ends to the specified torques, 
see ‘Specifications’ — Chapter 8. 


Attach the override rod and linkage to the 
lift cover with a new split pin. 


Install the pilot pressure tube to the lift 
cover and the pump cover. Tighten the 
fittings to the correct torque, see 
“Specifications” — Chapter 8. 


Mount the remote valves on the lift cover, 
Figure 2, and reconnect the oil tubes and 
linkage. 


. Attach the lever and bracket assembly to 


the lift cover, Figure 1. Tighten the 
attaching bolts to the correct torque, see 
“Specification” — Chapter 8. Use two 
washers and a new split pin to connect 
the P.T.O. control rod to the assembly. 


10. Connect the lift rods to the lift arms and 


secure with new split pins. 


11. Install the cab or platform as detailed in 


Part 11, “SAFETY CABS AND 
PLATFORMS”. 


B. HYDRAULIC LIFT CYLINDER AND CONTROL VALVE ASSEMBLY 


REMOVAL 


1. 


Remove the hydraulic lift cover as de- 
tailed on Page 1. 


Use a suitable hoist to position the 
hydraulic lift cover on end as shown in 
Figure 5. 


3. Remove the oil pressure connecting 


sleeve and pilot sleeve from the side of 
the cover. 


. Withdraw the four attaching bolts from 


the top of the cover and remove the lift 
cylinder. and control valve assembly. 
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Figure 11 
Hydraulic Lift Cylinder and Control Valve Assembly 
1. Safety Valve Cap 16. Plugs and ‘O' Ring Seals 31. Roll Pin 
2. Poppet Valve Plug 17. Exhaust Control Valve 32. Washer 
3. ‘O' Ring Seal 18. Exhaust Valve Control 33. Lift Piston Seal 
4. Poppet Spring Spring 34. Lift Piston 
5. Ball Seat 19. Exhaust Pressure Valve 35. Lift Shut-Off Piston 
6. Ball 20. Exhaust Valve Pressure 36. Lift Cylinder 
7. Lift Drop Poppet Spring 37. ‘O’ Ring Seals 
8. Lift Drop Poppet Actuator 21. ‘QO’ Ring Seal 38. ‘0’ Ring Seal 
9. Control Valve Body 22. Exhaust Valve Plug 39. Safety Valve Body 
10. Head Bolt and Lock 23. Lift Control Valve Bushing 40. Safety Valve Seal 
Washer 24. Lift Control Valve 41. Safety Valve Seat 
11. Lockwasher 25. Spring 42. Ball 
12. Lift Blocking Spool 26. Spring Seat 43. Ball Retainer 
13. Lift Check Ball Guide 27. Spring Seat Retainer 44. Spring 
(Spring Type) 28. ‘O' Ring Seals 45. Shims 
14. ‘O' Ring Seal 29. Back-up Ring 
15. Lift Check Plug 30. Control Valve Keeper 


DISASSEMBLY 


With reference to Figure 11. 


Tag and identify all springs to ensure correct 
location on re-assembly. 


1. Remove the hexagon headed bolts and 
lock washers then separate the lift 
cylinder from the control valve body. 


2. Drive out the roll pin then remove the lift 
shut-off pivot and washer from the 
cylinder. 


3. Position the lift cylinder on blocks as 
shown in Figure 12. Use compressed air 
(30 Ibf/in? (2 bar) maximum) to expel the 
piston from the cylinder. 


CAUTION: Light, sustained pressure will 
eject the piston from the cylinder. Do not use 
a sudden blast of air. 


4. Unscrew the safety valve assembly from 
the body, Figure 11. 


NOTE: 7he valve pressure is set by the use of 
shims. If disassembled, tag and identify the 
shims to ensure the same quantity are 
reinstalled on re-assembly. 


5. Remove the plug then withdraw the lift 
drop poppet actuator, poppet, ball, ball 
seat and spring. 


6. Unscrew the lift control valve bushing. 
Pull the bushing from the body with the 
spring seat, spring, valve and keeper. 


Figure 12 
Hydraulic Lift Piston Removal 
1. Lift Cylinder 
2. Air Hose 
3. Lift Piston 


7. Remove the retainer, seat and spring from 
the bushing. 


8. Pull the valve and keeper from the 
bushing. 


9. Insertazin (3 mm) diameter drill through 
the hole in the valve. Use the drill as a 
handle to unscrew the keeper from the 
valve. 


10.Remove the plug then withdraw the 
exhaust pressure valve, exhaust control 
valve and springs. 


11. Remove the plug and collect the hydrau- 
lic lift blocking spool and spring. 


12.Unscrew the remaining plugs to 
complete the disassembly of the control 
valve. 


INSPECTION AND REPAIR 
With reference to Figure 11. 


All parts of the hydraulic lift cylinder and 
control valve assembly are serviced individu- 
ally with the exception of the safety valve 
body and cap and the control valve body. If 
the safety valve body or cap require to be 
serviced, the complete safety valve must be 
replaced. If the control valve body requires to 
be serviced the complete valve assembly 
must be replaced. 


1. Clean all parts thoroughly with a suitable 
solvent. 


2. Inspect the springs for damage or wear. If 
necessary, install new springs. 


3. Replace all seals and rubber goods with 
new parts on re-assembly. 


4. Check the lift control valve, exhaust 
valves and the lift drop poppet for nicks, 
burrs or scoring. Check the parts for 
freedom of movement in their respective 
bores. Install new parts where necessary. 


5. Check the lift drop poppet actuator for 
straightness. If the actuator is bent, install 
a new part. 


NOTE: /f any parts of the safety valve are 
replaced, other than seals, the valve must be 
pressure checked with equipment capable of 
maintaining 2800 /bf/in? (193 bar) at 0.4 
Imp. gal/min (0.5 U.S. gal/min) (1.9 l/min). 
If such equipment is not available, install a 
complete new valve assembly. 


RE-ASSEMBLY aie 


— 
With reference to Figure 11. 


1. Insert the lift drop poppet actuator, long 
end first, into the control valve body. 


2. Install the lift drop poppet so the actuator 
enters the hole in the poppet, then install 
the ball. 


3. Place the ball seat on the poppet spring. 
Use a small amount of petroleum jelly to 
hold the seat in place. 


4. Insert the spring and seat into the body. 
Install the poppet valve plug and ‘O’ ring 
then tighten the plug to the correct 
torque, see “Specifications” — Chapter 8. 


So. Insertajin (3 mm) diameter drill through 
the hole in the lift control valve. Use the 
drill as a handle to screw the keeper into 
the valve. Remove the drill. 


NOTE: /f the keeper is not a snug fit in the 

valve, one or two drops of a proprietary brand 

of thread sealant can be applied rather than a 

new part installed. Ensure the threads of the 
keeper and valve are cleaned and the sealant J 
applied in accordance with the _ 
manufacturer's recommendations. 
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6. Attach the spring seat to the bushing 
with the retaining ring. Install the ‘O’ 
rings and back-up ring on the bushing. 
Ensure the back-up ring ts installed on 
the keeper side of the’O’ ring. 


7. Drop the spring through the bushing to 
enter the seat then install the valve along 
with the keeper. 


8. Screw the assembly into the body and 
tighten the bushing to the correct torque, 


see ‘Specifications’ — Chapter 8. Adjust 


the control valve assembly as detailed in 
Section | — “Adjustments.” 


9. Place the exhaust control valve, small 
end first, into the valve body. Insert the 
spring then the exhaust pressure valve 
and spring. Install the exhaust valve plug 
and ‘QO’ ring. Tighten the plug to the 
correct torque, see ‘‘Specifi- 
cations’ — Chapter 8. 


IMPORTANT: Ensure the exhaust pressure 
valve is installed small end first. lf the valve is 
installed backwards, the lift arms will fail to 
raise or lower. 


10. Insert the lift blocking spool and spring. 
Install the plug and ‘O’ ring. Tighten the 
plug to the correct torque, see 
Specifications’ — Chapter 8. 


11. Install the remaining plugs and ‘O’ rings. 


12. Assemble the safety valve and screw it 
into the lift cylinder. 
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13. Place a new seal on the lift piston. 
Lubricate the seal and piston freely with 
the specified hydraulic fluid, then install 
the piston into the cylinder. Be careful to 
avoid damage to the seal. 


14. Position the lift shut-off pivot and 
washer in the slot of the lift cylinder. 
Secure them in place with the roll pin. 
Ensure the slot in the pivot is positioned 


as shown in Figure 11. 


15. Place new ‘O’ ring seals on the mating 
surface of the control valve body. Attach 
the body to the cylinder with the hexagon 
headed bolts and lock washers. Tighten 
the bolts to the correct torque, see 


“Specifications ’ — Chapter 8. 


INSTALLATION 
With reference to Figure 5. 


1. Install the assembled lift cylinder and 
control valve assembly in the hydraulic 
lift cover. Install the four bolts through 
the top of the lift cover to retain the 
assembly. The bolts should be tightened 
to the correct torque after the lift cover is 
secured to the centre housing, see 
“Specifications” — Chapter 8. 


2. Install the pilot sleeve and oil pressure 
connecting sleeve. Tighten the sleeves to 
the correct torques, see 
Specifications’ — Chapter 8. 


3. Install the hydraulic lift cover as detailed 
on Page 7, “Installation”. 


C. LOWER LINK TORSION BAR LINKAGE pO 


20) 
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. Thrust Washer 

. Right-hand Hanger Spacer 
. ‘0’ Ring Seal 

. Draft Control Arm 

. Internal Retaining Ring 

. External Retaining Ring 

. Hexagon Headed Bolt 

. Lock Washer 

. Washer 

. Right-hand Lift Link Hanger 
. Hanger Stop 

. Lock Washer 

. Hexagon Headed Bolt 

. Lift Link Torsion Bar 

. Left-hand Lift Link 

. Torsion Bar Anchor 

. Hexagon Headed Bolt 
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Figure 13 
Lower Link Torsion Bar Linkage 


. Lock Washer 

. Draft Rod End 

. Draft Rod 

. Washer 

. Split Pin 

. Draft Control Lever 
. Washer 

. Split Pin 

. Draft Eccentric Shaft 
. Hexagon Nut 

. Split Pin 

. Washer 

. Woodruff Key 

. Thrust Washer 

. ‘0’ Ring Seal 

. Headless Set Screw 
. Hexagon Jam Nut 


REMOVAL AND DISASSEMBLY 


With reference to Figure 13. 


1. Drain the oil from the rear axle centre 
housing. Be prepared to drain approxi- 
mately 17 Imp. gallons (20 U.S. gal- 
ons) (76 litres). 


2. Remove the hydraulic lift cover as de- 
tailed on Page 1. 


3. Remove the lower links from the left- 
hand and right-hand lift link hangers, 
Figure 13. 


4. Remove both retaining rings. 


5. Withdraw the hexagon headed bolts 
lockwashers and flat washers then re- 
move the right-hand lift link hanger from 
the the end of the left-hand lift link 
hanger. Remove the thrust washer spacer 
and ‘O’ ring seal. 


6. Remove the hexagon headed bolts and 
lock washers from the torsion bar anchor. 
Pull the anchor, along with the lift link 
torsion bar, from the hanger. 


NOTE: /f the torsion bar does not come out 
with the anchor, drive the shaft from the 
hanger with a hammer and brass drift. Drive 
the bar from right to left. 


7. Loosen the hexagon nut. Extract the split 
pin and washer from the eccentric shaft 
then remove the shaft from the centre 
housing. 


8. Loosen the jam nut and remove the set 
screw, Figure 14. 


9. Slide the draft control arm from the 
shoulder of the hanger. 
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Figure 14 
Draft Control Arm Linkage 


. Split Pin and Washer 7. Draft Rod End 
Draft Control Arm 8. Draft Rod 
. Left-Hand Hanger 9. Eccentric Shaft 
. Jam Nut 10. Split Pin and Washer 
. Set Screw 11. Draft Control Lever 


. Split Pin and Washer 


10. Extract the split pin and washer then 


11. 


12. 


13. 


14. 


disconnect and remove the draft rod end 
from the control arm. 


Extract the split pin and washer then 
separate the draft rod from the draft 
control lever. 


Pull the hanger from the centre housing 
to a point where access can be gained to 
the woodruff key. Remove the control 
arm and the woodruff key then pull the 
hanger from the centre housing. 


Remove the ‘O’ ring seal and thrust 
washer from the hanger. 


Withdraw the hexagon headed bolt and 
lock washer then remove the hanger stop 
from the left-hand side of the centre 
housing. 


INSPECTION AND REPAIR 


1. 


Check and wash all parts thoroughly 
with a suitable solvent. 


Inspect all splined parts for nicks and 
burrs. Use a stone, as required, to remove 
imperfections. Ensure mating parts fit 
together freely. 


Examine the torsion bar, the draft control 
arm and the left and right-hand lift link 
hangers for cracks. 


Check the left-hand lift link hanger for 
freedom of movement in the rear axle 
centre housing bushings. If binding 
exists, remove and install new bushings. 


Discard all ‘O’ rings and replace them 
with new parts during re-assembly. 


RE-ASSEMBLY AND INSTALLATION 


With reference to Figure 13. 


1. 


Place the thrust washer and ‘O’ ring over 
the left-hand hanger. 


Start the hanger through the left-hand 
side of the centre housing then slip the 
draft control arm over the hanger. Install 
the woodruff key. 


Place the torsion bar anchor over the 
splines on the torsion bar so the align- 
ment marks are aligned. Both ends of the 
torsion bar are symmetrical so the anchor 
can be installed on either end. 


Insert the torsion bar through the left- 
hand hanger so the alignment mark on 
the hanger aligns with the mark on the 
torsion bar. 
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5. 


Install the hexagon headed bolt and 
lockwasher to secure the anchor to the 
centre housing. 


Tighten the bolt to the correct torque, see 
Specifications’ — Chapter 8. 


10. 


11. 


Place the ‘O’ ring seal over the protruding 
end of the left-hand hanger to seat 
against the centre housing. Install the 
spacer then the thrust washer. 


Install the right-hand hanger so the index 
marks on both hangers are aligned. 
Install the external retaining ring. 


Install the flat washer and secure with the 
internal retaining ring. Install the lock 
washer and hexagon headed bolt to 
secure the torsion bar. Tighten the bolt to 
the correct torque, see 
Specifications’ — Chapter 8. 


Attach the draft control lever to the draft 
rod and secure with the washer and split 
pin, Figure 14. 


Install the draft rod end on the draft rod 
then connect the assembly to the draft 
control arm and secure with the washer 
and split pin. 


Position the draft control arm over the 
woodruff key in the left-hand hanger and 
secure with the set screw and jam nut. 
Tighten the jam nut to the correct torque, 
see “Specifications” — Chapter 8. 


12. Install the eccentric shaft through the  15.Attach the lower links to the left and 
centre housing and draft control lever as right-hand hangers. 
shown in Figure 14. Retain the lever on 
the shaft with the washer and split pin. 


16. Install the hydraulic lift cover as detailed 


13. Adjust the eccentric shaft and draft rod as if re? 
on Page 7, ‘Installation. 


detailed in Section | — “Adjustments.” 


14. Install the hanger stop and secure with 
the hexagon headed bolt and _ lock 17. Fill the rear axle centre housing with the 
washer. Adjust the stop as detailed in correct grade and quantity of lubricant, 
Section | — ‘“Adjustments.” see ‘Specifications’ — Chapter 8. 


D. HYDRAULIC PUMP COVER AND VALVE ASSEMBLY, HYDRAULIC PUMP AND 
OIL INLET FILTER 


HYDRAULIC PUMP COVER 
REMOVAL 


NOTE: The hydraulic pump cover on TW-5, 
TW-715 and TW-25 tractors houses the 
differential lock valve in addition to the 
hydraulic lift valves. The differential lock 
valve on the TW-35 tractor is not in- 
corporated in the hydraulic pump cover. For 
service procedures on the TW-35 differential 
lock valve, refer to Part 7, Chapter 2, 
“Servicing the Rear Axle Assembly and 
Brakes.” 


1. Drain the oil from the rear axle centre 
housing. Be prepared to drain approxi- 
mately 17 Imp. gallons (20 U.S. gallons) 


Figure 15 
Hydraulic Pump Cover Assembly — 
(76 litres). TW-35 Tractor Shown 


1. Hydraulic Pump Cover Assembly 
2. Remove the access panel from the cab or 2. Auxiliary Pump Intake Tube 


platform floor or from under the right- 3. Main Pump Intake Filter 
hand side of the cab or platform. 4. Intake Filter Manifold 
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Figure 17 
PTO Pressure Regulating Valve Assembly — 
TW-35 Tractor Shown 


Figure 16 
Lift Cover Hydraulic Tube Connections 


1. P.T.O. Pressure Regulating Valve 
2. P.T.O. Pressure Line 
3. Hydraulic Pump Cover 


4. Pilot Pressure Tube 
5. Lift Cover 


1. Priority Valve Pack 
2. Hydraulic Pump Cover 
3. Lift Pressure Tube 


8. For TW-5, TW-15 and TW-25 Tractors, 


3. Unscrew the manifold and priority valve 


pack attaching bolts until they are free of 
the hydraulic pump cover. 


Raise the priority valve slightly to disen- 
gage it from the hydraulic pump cover. 
Wire the valve securely to adjacent 
tractor components as required to hold it 
securely in place above the pump cover. 


Withdraw the three retaining bolts and 
gently pull the intake filter manifold away 
from the centre housing. 


Remove the pilot pressure tube and lift 
pressure tube, Figure 16. 


Disconnect the override rod and spring 
from their attaching points on the 
hydraulic pump cover assembly. 
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remove the split pin and disconnect the 
differential lock pedal shank from the 
differential lock valve. 


Disconnect the P.T.O./differential lock 
valve pressure line from the hydraulic 
pump cover and valve assembly and also 
from the tee fitting on the top right of the 
transmission. (To gain access to the tee 
fitting it may be necessary to remove the 
transmission access panel located on the 
cab or platform floor). Plug all openings 
to prevent dirt from entering the hy- 
draulic system. 


For TW-35 Tractors, disconnect the 
P.T.O. pressure line and the differential 
lock pressure line from the hydraulic 
pump cover assembly, Figure 17. 
Disconnect the P.T.O. pressure line at the 
regulating valve. (To gain access to the 
regulating valve, it may be necessary to 
remove the transmission access panel 
located on the cab or platform floor). 
Plug all openings to prevent dirt from 
entering the hydraulic system. 


CHAPTER 7 


Figure 18 

Variable Flow Control Valve — Exploded View 
1. Arm 9. Arm 
2. Roll Pin 10. Friction Washer 
3. Gland and ‘O’ ring Seal 11. Back-up Ring 
4. Spring Washer 12. ‘O’ Ring Seals 
5. Flow Restrictor 13. Back-up Ring 
6. Hydraulic Pump Cover 14. Lever 
7. Override Spring 15. Shim(s) 
8. Roll Pin 


10. Remove the hydraulic oil filter from the 
pump cover to gain access to some of the 
pump cover retaining bolts. 


11.Remove the pump cover and valve 
assembly attaching bolts, then carefully 
prise the cover from the centre housing. 


12. Withdraw the four attaching bolts and 
separate the hydraulic pump from the 
cover. 


DISASSEMBLY 
With reference to Figure 18. 
1. Drive out the roll pins and remove both 


arms from the variable flow control 
restrictor. Remove the shims. 
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. Return Spring 


Figure 19 
TW-5, TW-15 and TW-25 Differential Lock Valve — 
Exploded View 


. Guide 5. Hydraulic Pump 

. Rod Cover 

. Differential Lock 6. Seal Location 
Valve 7. ‘O' Ring Seal 


8. Seal Location 


Unscrew the gland and remove the 
spring washer, lever and friction washer. 
Remove the ‘O’ ring from the gland. 


Pull the variable flow control valve 
restrictor from the filter side of the 
hydraulic pump cover assembly. 


Remove the ‘O’ ring seals and back-up 
rings from the control valve. 


For TW-5, TW-15 and TW-25 Tractors, 
loosen the cap and pull the differential 
lock valve assembly from the hydraulic 
pump cover assembly, Figure 19. 


PART 8 AYDRAVG UC YS 


INSPECTION AND REPAIR 


All parts of the hydraulic pump cover as- 
sembly are serviced individually with the 
exception of the cover itself. If the cover is 
damaged, the complete assembly must be 
replaced. 


1. Clean all parts and the pump cover in a 
suitable solvent. Use compressed air (30 
Ibf/in? (2 bar) maximum) to blow out all 


passages. 
Figure 20 
Hydraulic System Relief Valve— Exploded View Use a light to inspect all passages. If dirt 
1. Ball or blockage exists, reclean the passages. 
2. ‘0’ Ring Seals 
3. Relief Valve Body 
4. Relief Valve — Assembled 
5. Retainer 
. Ba ump Covel 2. Check the system relief valve spring and 
8. plug the flow control valve spring for wear or 
9. Shims damage. For TW-5, TW-15 and TW-25 
10. Spring Tractors, check the differential lock valve 


spring for wear or damage by comparing 
with a new spring. If necessary, replace 
the springs. 


6. Unscrew the system relief valve assembly 
from the hydraulic pump cover assembly, 


Figure 20. 

3. For TW-5, TW-15 and TW-25 Tractors, 
inspect the seal in the differential lock 
valve cap for damage or wear. If nece- 

7. Disassemble the relief valve by removing ssary, prise the seal from the cap and 
the circlip from the rear of the valve. install a new seal. 
NOTE: The valve relief pressure is set by the 4. Check the variable flow control restrictor 
use of shims. Tag and identify the shims to for nicks, burrs and scoring. For TW-5, 
ensure the same quantity are re-installed on TW-15 and TW-25 Tractors, check the 
re-assembly. differential lock regulating valve and the 
control valve for nicks, burrs and scoring. 
Check all valves and spools for freedom 
of movement, when lubricated, in their 
respective bores. Check the bores for 
8. Remove all fittings and plugs. wear. Install new parts where necessary. 


18 


5. 


Inspect the friction washer and the steel 
spring washer for damage or wear. The 
purpose of the friction and_ spring 
washers is to keep tension on the lever. If 
the washers are worn excessively, the 
lever will be loose and will not hold the 
setting that the operator selects with the 
flow control knob resulting in unsatis- 
factory operation. 


NOTE: /f any parts of the system relief valve 
are replaced, other than seals, the valve must 
be pressure tested as outlined in Chapter 8. 


6. Replace all ‘O’ ring seals with new parts 


on re-assembly. 


RE-ASSEMBLY 


1. 


Install the system pressure sleeve. 


2. Assemble the system relief valve and 


install in the hydraulic pump cover 
assembly. 


TW-5, TW-15 and TW-25 Tractors: 


(a) Place the return spring in the dif- 
ferential lock bore of the hydraulic 
pump cover assembly. Install the 
differential lock control valve over 
the return spring. 


(b) Insert the actuating rod through the 
cap and ‘O’ ring. Screw the as- 
sembly into the pump cover as- 
sembly. Tighten the cap securely. 


Ensure the back-up rings on the variable 
flow control restrictor are installed on the 
outboard side of the ‘O’ ring seal. Insert 
the valve, long end first, into the hydrau- 
lic pump cover assembly so the slot in the 
valve is pointing towards the top of the 
cover. 


Figure 21 
Variable Flow Control Restrictor Override 
Spring Installation 


. Hydraulic Pump Cover 

. Override Spring 

. Roll Pin 

. Variable Flow Restrictor End 
. Arm 


Or WN — 


5. Place the friction washer on the pump 
cover as shown in Figure 18. Hold in 
place with a small amount of grease. 
Place the spring washer and lever over 
the gland and ‘O’ ring seal assembly then 
screw the gland into the pump cover. 
Tighten the gland to the correct torque, 
see “Specifications ‘— Chapter 8. 


NOTE: The cupped side of the spring washer 
faces toward the fever when correctly 
assembled. 


6. Place the shim(s) and arm over the shaft 
and secure with the roll pin. 


7. Place the variable restrictor override 
spring and arm over the end of the valve 
spool and secure with the roll pin as 
shown in Figure 21. Ensure the spring 
has approximately one turn of wind-up 
tension. 
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Figure 22 
Return Tube and Inlet Manifold Installation — 
‘View Shown for Reference Purposes Only 
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Figure 23 
Inlet Filter Manifold 


1. Pump Drive Gear 6. Return Tube—TW-5, 1. Manifold 
2. Inlet Manifold TW-15 and TW-25 2. Tube Seals 
3. Pump Tractor Only 
4. Inlet Filter Manifold 
5. Pump Cover and Valve 

Assembly 


8. Measure the end play of the variable flow INSTALLATION 


control valve using a feeler gauge be- 


tween the arm and the pump cover, le, 


Figure 18. If the end play is not within 
specifications, add or remove shims, as 
necessary, to obtain the correct end play. 
See ‘Specifications’ — Chapter 8. 


9. Install all remaining plugs and ‘O’ ring 2. 


seals. 


10. Ensure a new ‘QO’ ring seal is installed 
between the hydraulic pump and cover. 


Use the four bolts to attach the pump to 3. 


the hydraulic pump cover and valve 
assembly. Tighten the bolts to the correct 
torque, see Specifications’ — Chapter 8. 


11. For TW-5, TW-15 and TW-25 Tractors, 
install the return tube in the pump cover, 
Figure 22. No seals are required. The 
return tube, when installed, directs return 
oil to the rear axle centre housing below 
the oil level to prevent foaming. 
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Ensure all old gasket material is removed 
from the mating surface of the hydraulic 
pump cover and valve assembly and the 
rear axle centre housing. Install a new 
gasket on the hydraulic pump cover and 
valve assembly. 


Position the assembly on the side of the 
centre housing. Ensure the dowels enter 
their mating holes then install the attach- 
ing bolts and tighten to the correct 
torque, see ‘Specifications ‘— Chapter 8. 


Install the pump inlet manifold-to-filter 
inlet manifold tube in the pump inlet 
manifold. 


Install new ‘O’ ring seals in the inlet filter 
manifold, Figure 23. Install a new gasket 
on the inlet filter manifold using a small 
amount of grease to hold it in place. 
Install the inlet filter mantfod making sure 
both tubes enter the manifold. Tighten 
the three attaching bolts to the correct 
torque, see “Specifications — Chapter 8. 


10. 


11. 


Connect the override rod and spring to 
the override lever, Figure 16. 


Connect the flow control rod to the flow 
control lever. 


Install the system pressure tube and pilot 
pressure tube. Tighten the pilot and 
system pressure tube fittings to the 
correct torques. Tighten the other end at 
the hydraulic pump cover to the correct 
torque, see ‘‘Specifications” — Chapter 8. 


For TW-5, TW-15 and TW-25 Tractors, 
use a new split pin to connect the 
differential lock pedal shank to the 
differential lock valve. Connect the 
P.T.O/differential lock valve pressure line 
to the hydraulic pump cover and valve 
assembly and to the tee fitting on the top 
right-hand side of the transmission. 
Securely tighten the fittings. 


For TW-35 Tractors, connect the P.T.O. 
pressure line and the differential lock 
pressure line to the hydraulic pump cover 
and valve assembly. Also, connect the 
P.T.O. pressure line to the regulating 
valve. 


Install two new hydraulic oil filters. 


If equipped, install the remote control 
valves. 
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12. Fill the rear axle centre housing with the 
correct grade and quantity of lubricant, 
see ‘Specifications’ — Chapter 8. 


13.Check the 
performance. 


system for correct 


MAIN TRANSMISSION MOUNTED 
HYDRAULIC PUMP 


REMOVAL 


Remove the hydraulic pump as detailed on 
Page 15, “Hydraulic Pump Cover and Valve 
Assembly.” 


DISASSEMBLY 


1. Withdraw the four attaching bolts and 
remove the pump inlet manifold. 


2. Remove the split pin and nut securing the 
pump drive gear. Use a suitable puller to 
remove the drive gear. 


3. Extract the woodruff key from the shaft. 


4. Withdraw the sixteen bolts and lock 
washers securing the front and rear cover 
to the body. 


5. Remove the rear cover by lightly tapping 
the pump shaft with a rubber mallet. (The 
front and rear covers are located on the 
body by dowels). After the rear cover is 
removed, lightly tap the gear shafts witha 
rubber mallet to remove the front cover. 
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Figure 24 
Main Transmission Mounted Hydraulic Pump — Exploded View 


. Rear Cover 

. Pressure Loading Rings 
. Pump Body 

. Rear Bearing 

. Bearing Recess 

. Drive Gear 

. Bearing Recess 


Remove the components from the pump 
and lay them out in the order they were 
removed, refer to Figure 24. Pay par- 
ticular attention to how the front bearing 
and rear bearings were installed. 


Remove the pressure loading rings from 
the front and rear covers. 


Remove the sealing rings from the front 
cover and pump body. 


INSPECTION AND REPAIR 


All components of the hydraulic pump are 
serviced individually with exception of the 
gears, body, front and rear covers. 


1. 


Clean all parts thoroughly with a suitable 
solvent. 
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. Front Cover 

. Cover Sealing Rings 

. Pressure Loading Rings 
. Front Bearing 

. Driven Gear 

. Pump Outlet 

. Cover Sealing Rings 


Examine the pump body for wear in the 
gear running track area. If worn deeper 
than 0.0025 in (0.06 mm), install a new 


pump. 


Check the gears for excessive wear. The 
maximum run-out across the gear face- 
to-tooth edge should not exceed 0.001 
in (0.025 mm). The face width of the 
paired gears must be within 0.0002 in 
(0.005 mm) of each other and the journal 
size on each side of the individual gear 
must be within 0.0005 in (0.013 mm) of 
each other. 


Worn journals can be polished with “’O” 
grade emery paper to remove wear marks. 
The face of the gears can be polished by 
sandwiching ‘‘O” grade emery paper 
between the gear face and a scrap 
bearing then rotating the gear. 
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Figure 25 Figure 26 
Main Transmission Mounted Hydraulic Pump — Main Transmission Mounted Hydraulic Pump— 
Front Cover Seal Bearing Blocks 
1. Retaining Ring 3. Seal 1. Recess 
2. Front Cover 2. Relief Grooves 
5. Check the bearings for wear or scoring. If | 1. Place the front bearing and rear bearing 
deep wear marks exist, replace the over the drive and driven gears, Figure 
bearings. 24. Make certain that the recess in each 


bearing is against the gear faces and that 

the relief grooves will be on the inlet side 

of the pump (Figure 26 illustrates the 

6. Inspect the seal in the front cover, Figure relief grooves and the recess in the 
25. If a new seal is required, remove the bearings). 


retaining ring and prise the seal from the 
cover. Install a new seal and secure with 
the retaining ring. 
2. Install the assembled gears and bearings 
in the pump body (relief grooves of the 


7. Replace all seals with new parts on bearings towards the inlet side of the 


reassembly. pump). 


3. Pack the cavity around the shaft seal in 
RE-ASSEMBLY the front cover with high temperature 
grease. 
As the components of the pump are as- 
sembled, lightly lubricate each with a high 
temperature grease to protect the pump from 


damage during the initial start-up. Take care 4. Install the front cover along with new 
to prevent any dirt or foreign material from seals. Tighten the front cover attaching 
coming into contact with any of the bolts to the correct torque, see 
components. “Specifications” — Chapter 8. 
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5. Install the rear cover sealing ring in the 
rear of the pump body and the rear 
pressure loading ring in the rear cover. 
Install the rear cover to the pump body 
and tighten the attaching bolts to the 
correct torque, see ‘Speci- 


fications’ — Chapter 8. 


6. Install the woodruff key, the drive gear 
and retaining nut on the pump drive 
shaft. Tighten the retaining nut to the 
correct torque, see ‘‘Speci- 
fications’ — Chapter 8. Secure the nut 
with a new split pin. 


7. Use the four bolts to attach the pump 
inlet manifold to the hydraulic pump. 
Ensure new ‘O’ ring seals are installed 
between the pump and the manifold and 
within the inside diameter of the mani- 
fold at the inlet filter end. Tighten the 
attaching bolts to the correct torque, see 
Specifications’ — Chapter 8. 


INSTALLATION 


Install the hydraulic pump as detailed on 
Page 20. 


INLET FILTER MANIFOLD 
REMOVAL AND INSTALLATION 


With reference to Figure 27. 


1. Drain the oil from the rear axle centre 
housing. Be prepared to drain approxi- 
mately 17 Imp. gallons (20 U.S. gallons) 
(76 litres). 


2. Remove the three manifold-to-centre 
housing bolts and carefully prise the 
manifold off the centre housing. 
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Figure 27 
Inlet Filter Manifold 


1. Manifold 
2. Tube Seals 


3. Extract the manifold-to-tube seals and 
remove the gasket material from the 
manifold and centre housing. 


NOTE: /he by-pass valve is pressed into the 
manifold housing and is serviced as an 
assembly only. Check to see if the spring has 
broken. If broken, replace the valve as an 
assembly. There is no adjustment made on 
the valve. 


4. Place new tube seals in the manifold inlet 
and outlet ports. Lightly lubricate. 


5. Place a new gasket on the manifold. Use 
grease to hold it in place. 


6. Guide the manifold onto the manifold 
inlet and outlet tubes. Ensure the tubes 
enter the manifold, if not, the pump could 
be seriously damaged due to cavitation. 
Tighten the attaching bolts to the correct 
torque, see ‘Specifications’ — Chapter 8. 


E. AUXILIARY ENGINE MOUNTED GEAR TYPE PUMP 
REMOVAL DISASSEMBLY 
1. Thoroughly clean the pump at the cover With reference to Figure 28. 


area before removal. 


1. Mark the housing body and cover to 
facilitate correct re-assembly. 


2. Unscrew and disconnect the pump outlet 2. Unscrew the filter. 
tube. 


3. Remove the circlip and large dished plug 
in the external gear housing to expose the 
pump external drive gear. 


3. Remove the retaining bolts and lock- 


washers, lift the pump off the tractor and NOTE: 7o facilitate removal of the plug use a 
pull free from the inlet tube. Cap the pair of pliers with the jaw tops relieved, as 
exposed tubes. shown in Figure 29. 


Figure 28 

Hydraulic Gear Type Pump — Exploded 
1. Cover 7. Idler Gear Assembly 13. External Gear 
2. Stuffer Strip 8. Key 14. Housing 
3. Pressure Loading Ring 9. Locknut 15. Bearing 
4. Sealing Ring 10. Circlip 16. Drive Gear 
5. Threaded Adaptor 11. Plug 17. Driven Gear 
6. Bearing 12. Lockwasher 18. Body 
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Figure 29 
Removing External Gear Housing Plug 


1. Plug 
2. External Gear Housing 
3. Pliers with Relieved Jaws 


4. Mount the pump in a soft-jawed vice 
gripping the idler gear, Figure 30. 


5. Release the tab washer and unscrew the 
external gear retaining nut. 


6. Remove the pump from the vice. 


7. Remove the four through bolts securing 
the pump cover and body to the external 
gear housing. 


8. Use a soft faced mallet to separate the 
external gear housing and rear cover from 
the body then tap the end of the pump 
drive gear shaft to release the external 
gear from the shaft taper. 
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Figure 30 
Removing External Gear Retaining Nut 


1. Pump Assembly 

2. Idler Gear 

3. Soft Jaw 

4. External Gear Retaining Nut 


IMPORTANT: When performing this oper- ae 
ation great care must be taken to avoid 
damage to: 


(i) the threads on the end of the pump drive 
gear shaft, and 


(11) the shaft seal by allowing the key to foul 
the seal. 


9. Remove the external drive gear and key. 


10.Withdraw the bearings and_ gear 
assembly from the pump body, carefully 
noting their original positions. 


Figure 31 
Removing Idler Gear Shaft Plug Retaining 
Circlip 
1. Circlip 2. Housing 


11. Remove the circlip from the end of the 
idler gear shaft, Figure 31. 


12. Remove the plug from the end of the idler 
gear shaft by giving the housing a sharp 
tap on a wooden block. 


NOTE: /f the plug fails to drop out of the 
housing, remove by directing compressed air 
into the bleed hole located on the pump to 
engine mounting face, see Figure 32. 


13. Remove the idler gear shaft, idler gear 
and two washers. 


INSPECTION AND REPAIR 


1. Wash all parts in a suitable solvent to 
remove any foreign particles and dry with 
a clean, lint-free cloth or compressed air. 


2. Examine each bearing for wear on the 
face and in the bore. Pay particular 
attention to the condition of the lubrica- 
tion scrolls and the seal bridge, Figure 
33. At the stage of major overhaul, 
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Figure 32 
Removing Idler Gear Shaft Plug 


1. Idler Gear Housing 3. Bleed Hole 
2. Plug 4. Air Line 


PWN - 


bearings should be renewed but light 
score marking may be removed by 
polishing as follows: 


Figure 33 
Pump Bearing 


. Pump Inlet B. Pump Outlet 


. Relieved Radius 

. Recess on Face adjacent to Gears 
. Seal Bridge 

. Lubrication Scrolls 
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Figure 34 
Gear Track in Body 


A. Inlet Side 

B. Outlet Side 

C. Bore Diameter (Bearing Location) 
D. Depth of Gear Track 


(1) Place a sheet of ‘O’ grade emery 
paper, lubricated with paraffin, on a 
truly flat surface, then polish the 
bearing face using light rotary 
motion. 


(11) Outer diameter may be lightly pol- 
ished to obtain free movement in the 
body. 


3. Inspect the pump body for external 
damage and cracks. Examine the bores 
for wear and damage. 


NOTE: /t is normal for the gears to cut a light 
track on the inlet side of the body bore and, 
providing the depth of the track does not 
exceed 0.004 in. (0.70 mm), the body is re- 
usable. Using an_ internal micrometer 
measure the body at the bearing location and 
then at the track position to assess the track 
depth, see Figure 34. 


Burrs at the edge of the gear track should be 
removed with ‘O’ grade emery paper. 
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Figure 35 
Polishing Gear Faces 


1. Gear 
2. Emery Paper ‘O’ Grade 


3. Scrap Bearing 


4. Examine the gears for scored or worn side 
faces or journals, damaged teeth, thread 
or keyway and surface cracks. Slight 
wear and scoring on the journals may be 
erased by mounting between lathe cen- 
tres and polishing with ‘O' grade emery 
paper lubricated with paraffin. Lightly 
scored side faces may be renovated by 
sandwiching emery paper between the 
gear face and a scrap bearing and 
rotating the gear, Figure 35. 


IMPORTANT: Whilst servicing the drive 
and driven gears, particular attention must be 
paid to the following points: 


(i) Gear widths of drive and driven gears 
must be within 0.0002 in (0.005 mm) of 
each other to ensure satisfactory pump 
efficiency, see Figure 36. 


Figure 36 
Gear Pairing 


A. Journals Paired within 
0.0005 in (0.013 mm) 

B. Gear Widths Paired within 
0.0002 in (0.005 mm) 


(ii) Journals must be within 0.0005 in. 
(0.013 mm) of each other, Figure 36. 


(iii) Gear faces must be flat. This feature may 
be checked by blueing a bearing face 
and rotating against the gear. This 
check will also reveal any sharp edges 
on the teeth. 


5. Inspect the cover for damage or cracks, 
particularly adjacent to the ports, filter 
connection and pump face. Ensure the 


internal passages are clear. 


Check the external gears and housing for 
damage, wear or cracks. Ensure the idler 
gear runs freely on the shaft. 


New seals and ‘O’ rings should be 
installed when servicing the pump. 
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In the event of components being unsuitable 
for further use the advisable action is to clean 
out the hydraulic system and replace the 
complete pump unit. Worn components can, 
in an emergency be replaced but the follow- 
ing points must be noted: 


e Under working conditions, hydraulic 
pressure within the pump loads the gears 
towards the inlet side of the body thereby 
cutting the running track. If the bearings or 
gear journals wear, the gears move over 
thus deepening the track. 


e If the running track is worn to or beyond 
the limit for re-use, the installation of new 
bearings will re-centre the gears and 
prevent the tips of the teeth bottoming in 
the track thereby resulting in pump 
inefficiency. 


RE-ASSEMBLY 


Re-assembly of the engine mounted gear 
type pump follows the disassembly pro- 
cedure in reverse. 


IMPORTANT: /f used bearings are to be 
refitted they should be installed in their 
original positions. Inspection of the bearings 
indicates two distinct features which may be 
used to ensure correct location. 


(i) A Y-shaped recess in the bearing face. 


(it) Relieved radii on one side of the 
bearing. 


Assemble the bearings with the Y-shaped 
recesses adjacent to the gear faces and the 
relieved radii facing the outlet side of the 
body, Figure 37. 


Figure 37 
Position of Sealing Rings and Relationship 
of Bearings to Inlet Side of Body 


A. Inlet B. Outlet 


1. Stuffer Strip 

2. (Relieved) Radius on Outlet Side of Pump 
3. Pressure Loading Ring 

4. Outer Sealing Ring 


On re-assembly observe the following 
requirements: 


e Lubricate all parts with hydraulic oil. 
e Coat all seals and ‘O’ rings with petroleum 
jelly and ensure the pump sealing rings are 


correctly positioned, Figure 37. 


e Pack the cavity between the lips of the 
shaft seal with high melting point grease. 
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e Ensure the idler gear shaft plug is installed 
with the slotted face towards the shaft. 


e If the pump is not to be re-used im- 
mediately, cap the ports. 


INSTALLATION 


1. Installation of the engine mounted gear 
type hydraulic pump follows the removal 
procedure in reverse. 


IMPORTANT: Prior to installation on the 
tractor, introduce hydraulic oi! into the 
suction port and rotate the gears by hand. To 
effect an airtight seal, install a new ‘O’ ring 
seal in the pump and ensure the end of the 
inlet tube is smooth to prevent damage to the 
seal on assembly. 


2. Pressure check the pump, see “Pressure 
Testing’ — Chapter 8. 


IMPORTANT: Aun-in the pump _ pro- 
gressively for 2-5 minutes at each of the 
following pressues: 1000 [bf/in? (70 bar) (70 
kgf/cm’), 1800 Ibf/fin? (125 bar (125 
kgf/cm?) and the relief valve pressure. See 
“Specifications” — Chapter 8 


F. PRIORITY VALVE PACK ASSEMBLY 


REMOVAL 


1. Remove the cab or platform as detailed in 
Part 11, “SAFETY CABS AND 
PLATFORMS.” 


2. Thoroughly clean the area around the 
priority valve pack assembly with a 
suitable solvent. 
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3. Remove the hydraulic tube connections 
to the valve assembly, Figure 38. Plug the 
valve openings and tube ends to prevent 
ingress of contaminant to the hydraulic 
system. 


4. Unscrew the four valve-to-hydraulic 


pump cover plate retaining bolts and 
remove the valve to a clean environment. 
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Figure 38 
Priority Valve Pack Installation 


. Priority Valve Assembly 5. Remote Valves Return 
. Auxiliary Pump Feed 6. Remote Valves Pilot 
. Flow Control Crank Line 
. Hydraulic Lift Pilot 7 
Line 8. Valve-to-Pump 


. Remote Valves Supply 


Cover Bolts 


DISASSEMBLY 


1. 


Unscrew the unload check valve plug 
and discard the ‘O’ ring. Remove the 
spring, spacer, and ball, Figure 39. 


Unscrew the flow control valve restrictor, 
Figure 40, and withdraw the spring and 
flow control spool. 


Unscrew and remove the flow control 
valve sleeve, Figure 41, from the valve 
casing. Remove and discard the seals. 


Unscrew the unload valve plug, Figure 
42 withdraw the spring, filter and unload 
spool. 


Figure 39 
Unload Check Valve Assembly 
1. Plug 4. Spacer 
2. ‘O' Ring 5. Ball 
3. Spring 6. Priority Valve 


5. Unscrew and remove the unload valve 
sleeve, Figure 43, from the valve casing. 
Remove and discard the seals. 


Figure 40 
Flow Control Valve Assembly 


1. Flow Control Spool 4. Restrictor 
2. Spring 5. Flow Control Valve 
3. ‘O’ Ring Sleeve 

: 6. Priority Valve 
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Figure 41 
Flow Control Valve Sleeve Removal 


1. Priority Valve 
2. Flow Control Sleeve 


3. Lower Gallery 


The unload valve spool has an integral 
pressure relief valve to protect the auxiliary 
pump and remote valve circuits from 
overload. The operating pressure of this valve 
is adjusted and set during manufacture and 
should, with normal tractor use, not require 


Figure 42 
Unload Spool Sleeve Removal 


1. Priority Valve 
2. Unload Valve Sleeve 


3. Upper Gallery 


attention. If, however, after pressure testing 
the remote valves, see Section |, a malfunc- 
tion cannot be corrected by the alternative 
means suggested, then the unload spool can 
be disassembled to inspect the relief valve 
components. 


Figure 43 
Unload Valve Assembly 
1. ‘O’ Ring 4. Unload Valve Sleeve 7. Spring 
2. Plug 5. Priority Valve 8. Filter 


3. Unload Valve Spool 6. Restrictor 


Figure 44 
Relief Valve Removal 


1. Wooden Blocks 
2. Unload Valve Spool 
3. Hexagon Key Wrench 


(a) 


(b) 


(c) 


Bore a 22.0 mm dia hole in a suitable 
piece of softwood, then saw the wood 
in half across the diameter of the hole. 
Gently but firmly clamp the spool 
around the top land using the wood 
between the jaws of a vice, Figure 44. 


Place a hexagon key wrench in the 
hexagon socket of the adjuster plug. 
Carefully count and record the number 
of anti-clockwise revolutions made 
before the adjuster plug is free, then 
remove the spring, ball retainer and ball, 
Figure 45. 


Carefully examine the conical seat of the 
ball retainer, the ball, and the ball seat 
within the spool, for wear, damage or 
contamination. Measure the free length 
of the spring which should be 1.0 in 
(25.4 mm). 


If any of the relief valve components are 
not in a first class condition, the 
complete spool assembly should be 
renewed. The new spool will have the 
integral relief valve correctly set. 
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Figure 45 
Relief Valve Components 
1. Ball Retainer 4. Ball 
2. Adjuster Plug 5. Unload Valve Spool 
3. Spring 


(d) If all components are found to be in 
excellent condition, the unload spool 
can be re-assembled. To maintain the 
Original pressure setting of the relief 
valve, the adjuster plug should be 
screwed in by the exact number of turns 
required for removal. 


INSPECTION AND REPAIR 


1. Wash all the priority valve components in 
a suitable solvent and dry with a lint free 
cloth or compressed air. 


2. Examine the valve spools and sleeves for 
wear, burrs or scratches. Minor imperfec- 
tions may be removed with a fine 
abrasive; ensure such parts are thoroughly 
washed before re-assembly. Heavy scor- 
ing of the valve spools or sleeves will 
necessitate renewal of the matched 
spool/sleeve assembly. 


Figure 46 
Unload Valve Sleeve 
1. Hexagon Head 6. ‘O’ Ring 
2. ‘O' Ring 7. Plastic Seal 
3. Plastic Seal 8. Plastic Seal 
4. ‘0’ Ring 9. ‘0’ Ring 
5. Smaller Holes 


3. Ensure the valve spool springs are not 
broken or damaged. 


4. Checked all ports and oil passages are 
clean and free from obstruction. 


5. Ensure the valve spools move freely 
within their respective sleeves. 


6. Renew ail seals. 


RE-ASSEMBLY 


NOTE: 7he unload valve sleeve and flow 
control valve sleeve are similar in ap- 
pearance, but can be readily identified by the 
size of the holes in the section furthest from 
the hexagon head, Figures 46 and 47. 
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Figure 47 
Flow Control Valve Sleeve 
1. Hexagon Head 6. ‘O’ Ring 
2. ‘O' Ring 7. Plastic Seal 
3. Plastic Seal 8. Plastic Seal 
4. ‘0’ Ring 9. ‘0’ Ring 
5. Larger Holes 


— The unload valve sleeve with the smaller 
holes is installed into the upper gallery. 


—The flow control valve sleeve with the 
larger holes is installed into the lower gallery. 


On re-assembly, observe the following 
requirements: 


e Coat all ‘O’ rings with petroleum jelly prior 
to installation. 


e Lubricate all parts with clean hydraulic oil 
prior to re-assembly. 


IMPORTANT: Do not force the valve 
spools into the sleeves or the sleeves into the 
bores. Gentle pressure and rotation will 
ensure ease of assembly. 


e Tighten the valve spool sleeves, the re- 
strictors and unload check valve plug to 
the correct torques, see 
“Specifications” — Chapter 8. 


INSTALLATION 


Installation of the priority valve pack follows 
the removal procedure in reverse. 


e Install new valve-to-hydraulic pump 
cover plate sealing rings, Figure 48. 


Figure 48 
e Locate the valve in position and tighten Seal Installation 
the valve securing bolts and hydraulic tube 
1. Square Section Seals 
connections to the correct torques see 2. Priority Valve 
“Specifications” — Chapter 8. 3. Machined Surface 


G. DE-LUXE REMOTE CONTROL VALVES AND COUPLERS 


NOTE: Overhaul procedures for single spool 3. Remove the bolts retaining the remote 
and double spool De-Luxe Remote Control control valve and quick release coupling 
Valves are identical. assembly to the mounting bracket. 


Prior to overhaul, refer to the “Trouble 
Shooting” table in Chapter 8 to determine 
the possible faulty components. 


REMOVAL 


1. Clean the area around the remote control 
valve spool(s), Figure 49, and dis- Qs : 
connect the control linkage from the — 

R-8-435 >\ 
remote control valve spool(s). 


De-Luxe Remote Control Valves 


: 1. Valve Supply Tube 4. Couplers 
2. Identify the connections to the valve 2. Valve Exhaust Tube 5. Remote Valve Assembly 
block, remove and cap the tubes. 3. Valve Pilot Tube 
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NOTE: The priority check valve, which 
ensures that the De-Luxe Remote Control 
Valve with the highest circuit operating 
pressure has oil flow priority, is only fitted to 
double remote valve housings, or in the pilot 
line ‘T’ fitting where two seperate remote 
housings are fitted. 


2. Slide the valve spool and centring spring 
as an assembly out of the valve body from 
the centring spring end. 


Figure 50 
Detent Housing Removal 


1. Valve Body 
2. Valve Spool and Centring Spring Assembly NOTE: Ensure no undue force is applied 
3. Detent Regulating Valve during removal. Be particularly careful not to 
4. Detent Housing apply bending or twisting force to the spool. 


4. Remove the remote control valve and 
quick release couplings as an assembly. 


Fiow Control Spool 


1. Remove the plug from the end of the flow 
control spool bore. Remove the spring 
and spool, Figure 52. 


DISASSEMBLY 
With reference to Figure 51. 


1. Separate the quick release couplings Flow Control Restrictor 
from the remote control valve body. 
1. Loosen the grub screw retaining the flow 
control knob sufficiently to allow re- 
moval of the knob, Figure 53. 


Valve Spool 
2. Remove the double spiral circlip securing 
1. Remove the socket head screws retaining the retainer. Remove the retainer, shaft, 
the detent housing to the valve body, spring, restrictor and load check valve, 
remove the detent housing, Figure 50. Figure 54. 
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Figure 51 
Double Spool De-Luxe Remote Control Valve 

1. Valve Body 13. Detent Valve Spring Adjuster 

2. Spool 14. Detent Balls (9) 

3. Flow Restrictor ** 15. Detent Regulating Valve Spring 

4. Load Check Valve 16. Spacer | 

5. Flow Restrictor End Plug 17. Detent Regulating Valve 

6. Flow Restrictor Control Shaft 18. Detent Housing 

7. Flow Restrictor Control Knob 19. Shuttle Check Valve 

8. Detent Spool 20. Flow Control Spring 

9. Spool Centring Spring 21. Flow Control Spool 
10. Locknut 22. *Priority Check Valve Ball 
11. Detent Piston Spring 23. *Priority Check Valve Retainer 
12. Detent Piston (“Double Spool Only) 


** IMPORTANT 
The flow restrictor (3) should be fitted with the large slot positioned downwards (180° to position illustrated). 
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Figure 52 
Flow Control Spool Removal 


1. Spool 
2. Spring 


Shuttle Check Valve(s) 


1. Remove the double spiral circlip securing 
the shuttle check valve. 


Figure 53 
Flow Control Knob Removal 


1. Double Spiral Circlip 3. Shaft 


2. Flow Control Knob 


Figure 54 
Flow Control Restrictor Removal 


4. Shaft 
5. Spring 


1. Restrictor 
2. Load Check Valve 
3. Retainer 


2. Insert a small diameter steel rod or 
screwdriver through the hole in the end 
of the shuttle valve and withdraw the 
shuttle valve, Figure 55. 


Figure 55 
Shuttle Check Valve Removal 


1. Shuttle Check Valve 
2. Rod 


Figure 56 
Shuttle Check Valve Removal 


1. Shuttle Check Valve Ball 
2. Shuttle Check Valve Seat 


Double Spool Valves: 


Remove the second shuttle check valve 
located at the front of the valve body. 
Remove the third shuttle check valve seat 
and ball located in the side of the valve body, 
Figure 56. 


Quick Release Coupling 


1. Unscrew the sleeve retaining the quick 
release coupling in the housing, Figure 
57. 


2. Remove the circlip, tab washer and 
spring washer from the handle assembly. 
Withdraw the handle and crosshaft and 
slide the quick release coupling assembly 
from the housing. 
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Figure 57 
Quick Release Valve Assembly 
(Lower Valve Assembly Removed) 


1. Handle Assembly 3. Housing 


2. Sleeve 


INSPECTION AND REPAIR 
Valve Spool and Valve Body 


1. Inspect the spool and spool bore for 
pitting and deep scoring. If inspection 
reveals defects, a new remote control 
valve assembly must be installed. Check 
the spool moves freely in the spool bore. 


2. Check the centring spring and washers 
for cracks or distortion. If necessary 
compress the spring and slide the detent 
plunger from the slot in the centring 
spring retainer. 


3. Grip the spool in wooden blocks as close 
to the centring spring as possible and 
unscrew the centring spring coupling. 
Replace unserviceable items and re- 
assemble the centring spring compo- 
nents, see Figure 58. Use a proprietary 
thread locking compound on the cou- 
pling threads. 


Figure 58 
Centring Spring Assembly 
1. Coupling 4. Retainer 
2. Retainer 5. Spacer 


3. Centring Spring 


4. Remove the ‘O’ ring seals located inside 
the spool bore at each end and replace 
with new seals. 


Flow Control Spool 


1. Inspect the flow control spool bore. If the 
bore is damaged a new remote control 
valve must be installed. 


2. Examine the flow control spool for 
scoring and the spring for damage. 
Replace any unserviceable item. 


Flow Control Restrictor 


1. Examine the flow control restrictor for 
scoring or wear. Check the load check 
valve and spring for wear or damage. 


Replace any item found to be unservice- 
able. 
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Figure 59 
Detent Mechanism 


5. Circlip 
6. End Cap 
7. Detent Spool 


1. Detent Housing 
2. Washer 
3. Detent Balls (9) 
4. Spring 


Shuttle Check Valve(s) 


1. Inspect the shuttle check valves for signs 
of wear or damage. Replace the shuttle 
check valves if any doubt exists as to the 
serviceability of these items, or if symp- 
toms suggest faulty shuttle valves. 


2. Shuttle check valves considered satis- 
factory must be fitted with new ‘O’ ring 
seals before re-assembly. 


Detent Housing 


1. If a fault is suspected in the detent 
mechanism remove the circlip retaining 
the end cap. Remove the end cap, spring, 
detent spool, detent balls and spacer, 
Figure 59. 


NOTE: Jake care whilst removing the circlip 
as the end cap is under spring pressure. The 
end cap may also be retained by sealant 
which will require removal before dis- 
assembly. 


3. Remove the detent regulating valve 
adjusting screw and locknut. Withdraw 
the spring, rod and valve, Figure 60. 


4. Inspect the detent regulating valve com- 
ponents and replace if worn or damaged. 


Quick Release Coupling 
With reference to Figure 61. 


1. Remove the rubber dust caps. 


Figure 60 eye 
Detent Regulating Valve Assembly 2. Remove the circlip and collect the 
washers. 
1. Locknut 4. Valve 
2. Adjusting Screw 5. Spring 
or BOG 3. Turn the handle to the open position and 
withdraw it from the coupler housing. 
2. Inspect the detent spool, spring, balls 4. Unscrew the sleeve by rotating it in an 
and spacer for wear or damage. Renew anti-clockwise direction. Remove the 
unserviceable items. sleeve and coupler. 


Figure 61 
De-Luxe Remote Valve — Quick Release Coupler 
1. Front Seal 6. Slipper Seals 11. Tab Washer and 
2. Coupler 7. Actuator Spring Washer 
3. Sleeve 8. ‘O' Rings 12. Handle 
4. Gland 9. Coupler Housing 13. Sliding Sleeve 
5. Snapring 10. Circlip 14. Spring 
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Figure 62 
Slipper Seal Installation 


5. Remove the actuator from the coupler, 
then place the output end of the coupler 
on a firm, clean, surface and push down 
on the gland. Remove the gland retaining 
snapring and withdraw the gland and 
sliding sleeve from the coupler. 


6. Remove and discard the front seal from 
the coupler. 


7. Examine all the component parts of the 
coupler assembly and renew any un- 
serviceable items. 


8. Install a new front seal into the coupler 
and replace the sliding sleeve, gland, and 
gland retaining snapring. Insert the 
actuator into the gland. 


9. Remove and discard the two ‘O’ ring 
seals and the two slipper seals from the 
coupler housing. 

10. Lightly oil two new ‘O’ rings and install 

them in the coupler housing grooves. 

11. Shape the new slipper seals as illustrated 

in Figure 62 and locate them in the 

coupler housing grooves. Use a clean 
finger to smooth the seals securely into 
the grooves. 
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Figure 63 
Slipper Seal Installation 


1. Slipper Seal Tool No. FT8611 
2. Remote Valve Coupler Housing 


12. The slipper seals have to be stretched 
slightly before the coupler can be in- 
stalled into the housing. 


13. Insert the slipper seal tool, No. FT8611, 
into the housing, Figure 63. Rotate the 
tool slowly back and forth to fully seat the 
seals. Remove the tool. 


NOTE: Fa//ure to use the special too! could 
result in damaged slipper seals when the 
coupler is inserted. 


14. Lightly oil the coupler and carefully 
install it into the housing. 


15. Install and tighten the sleeve to a torque 
of 60 Ibf ft (82 Nm, 8.4 Mkg). 


16. Install the handle and washers and 
secure these with the circlip. 


17. Replace the rubber dust covers. 


RE-ASSEMBLY AND INSTALLATION 


Re-assembly and installation follows the 
removal and disassembly procedures in 
reverse. During re-assembly and installation 
observe the following requirements: 


e Renew all ‘O' ring seals 


e Lubricate all components with clean hy- 
draulic system oil before installation. 


e Tighten all screws and bolts to the correct 
torque, see ‘Specifications’ — Section. 


e Ensure the correct Operation of the con- 
trol linkage on_ installation, see 
‘Adjustments’ — Section I. 


H. HYDRAULIC LIFT ASSIST RAMS 


REMOVAL 


1. With the hydraulic lift linkage in a fully 
lowered position, remove the oil supply 
hoses from the ram cylinders. Plug the 
hoses and cylinder fittings to prevent 
contaminant entering the hydraulic 
system. 


2. Support each ram while removing the 
upper and lower attaching pins. 


DISASSEMBLY 
With reference to Figure 64. 


1. Hold the cylinder securely in a horizontal 
position between the jaws of a vice with 
the oil supply hose fitting facing 
upwards. 


2. Unscrew the socket headed plug from 
the cylinder aperture. 


3. Withdraw the piston rod from the 
cylinder until the piston rod retaining ring 
can be seen through the cylinder 
aperture. 


4. Using a fine bladed screwdriver inserted 
through the cylinder aperture, prise the 
retaining ring from its groove and to- 
wards the cylinder end of the piston rod. 


Figure 64 
Piston Rod Retaining Ring Removal 


1. Cylinder 
2. Piston Rod 
3. Retaining Ring 


4. Cylinder Aperture 
5. Screwdriver 


Figure 65 
Cylinder Seals 
1. Cylinder 
2. Wiper Seal 
3. Gland Seal 
5. Once the retaining ring has dropped into 


the cylinder the rod can be completely 
withdrawn. 


6. Collect the retaining ring from the 
cylinder and discard. 

7. Prise out and discard the piston rod-to- 
cylinder oil seals from the grooves 
around the mouth of the cylinder, Figure 
65. 

INSPECTION 

1. Inspect the rod and _ cylinder for 


scratches, nicks and distortion. 


RE-ASSEMBLY 


fl 


Install new piston rod-to-cylinder oil 
seals into the grooves around the mouth 
of the cylinder. 


Install a new retaining ring into the 
pre-assembly groove on the end of the 
piston, Figure 66. 
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Figure 66 
Piston Rod Grooves 


1. Piston Rod 
2. Retaining Ring in Pre-Assembly Position 


3. 


Retaining Ring in Final Assembly Position 


Coat the piston rod in clean hydraulic oil 
and taking great care not to damage the 
oil seals, ease the piston rod into the 
cylinder. 


Push the piston rod into the cylinder until 
the retaining ring can be seen to align 
with the cylinder aperture. 


Using a fine bladed screwdriver inserted 
through the cylinder aperture, ease the 
retaining ring from its pre-assembly 
groove in the piston rod, into the final 
assembly groove position, Figure 66. 


Install the socket headed plug into the 
cylinder aperture. 


INSTALLATION 


1. Installation of the lift assist rams follows 
the removal procedure in reverse. 


2. Replenish any lost oil from the hydraulic 
system, see ‘Specifications’ — Chapter 8. 


3. Start the tractor engine and operating at 
low idle, cycle the hydraulic linkage up 
and down to purge all air from the circuit. 
Check for leaks and re-check the re- 
servoir oil level. 


l. ADJUSTMENTS 


INTERNAL ADJUSTMENTS 


The following adjustments must be made 
during assembly of the component parts 
which are not accessible externally. 


Connecting Rod Actuator Adjustment 
With reference to Figure 67. 


The connecting rod actuator is located inside 
the hydraulic lift cover. The assembly must be 
adjusted to a length of 13.77—13.80 in 
(349.6 — 350.4 mm) as measured between 
the centres of the attaching holes. Before the 


Figure 67 
Connecting Rod Actuator Adjustment 


A. 13.77—13.80 in (349.6 — 350.4 mm) 


1. Rod 
2. Clevis 


3. Hexagon 
4. Actuator 


adjustment can be made, the hydraulic lift 
cover must be removed and the actuator 
detached from the cover. Refer to Pages 1 
and 3, Section A, “Hydraulic Lift Cover’ 
— Removal and Disassembly. 


To make the adjustment, loosen the hexa- 
gonal nut and turn the clevis as required to 
obtain the specified dimension. Tighten the 
nut securely. 


Figure 68 
Lift Control Valve Adjustment 


4. Lift Control Valve 
5. din (3 mm) Drill 


1. Feeler Gauge 
2. Poppet Actuator 
3. Keeper 
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Figure 69 
Draft Control Rod Adjustment 


A. 5.62 in (143 mm) 
1. Draft Control Lever 
2. Eccentric in ‘Up’ Position 


3. Draft Rod End 
4. Draft Rod 


Lift Control Valve Adjustment 
With reference to Figure 68. 


The lift control valve is attached to the lift 
cylinder inside the hydraulic lift cover. Before 
the valve can be adjusted, the hydraulic lift 
cover must be removed and the lift cylinder 
and control valve assembly removed from the 
cover. Refer to Page 7, Section B, “LIFT 
CYLINDER AND CONTROL’ VALVE 
ASSEMBLY.” 


Adjust the valve as follows: 


1. Insertazin (3 mm) diameter drill through 
the hole in the bushing, then while 
pushing the keeper to the left, rotate the 
valve until the drill will pass through the 
assembly as shown. The control valve is 
then locked in a neutral position. 


2. Adjust the keeper in the end of the valve 
to obtain 0.013-—0.016 in (0.3-—0.4 
mm) clearance between the keeper and 
poppet actuator. Measure the clearance 
with a feeler gauge as shown. 
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Figure 70 
Position Control and Draft Control Adjustments 


1. Locknut 
2. Locknut 


3. Draft Control Adjustment 
4. Position Control Adjustment 


3. Remove the drill after making the 


adjustment. 


Draft Control Rod Adjustment 

With reference to Figure 69. 

The draft control rod is located inside the rear 
axle centre housing. Before the rod can be 


adjusted, the hydraulic lift cover must be 
removed. 


Adjust the rod as follows: 


1. Loosen the lock nut on the draft control 
adjustment, Figure 70. 


2. Turn the adjustment until the eccentric is 
straight ‘up’, Figure 69. 


Measure the dimension between the 
centres of the dowel hole and draft 
control lever (centre of fork). The correct 
dimension ts 5.62 in (142.7 mm). 


If the dimension is too short or too long: 


e Dimension too long — Lengthen rod as 
follows: 


e Dimension too short— Shorten rod as 
follows: 


Remove the split pin and washer from the 
eccentric. 


Move out the eccentric and rotate the rod 
as required in the draft rod end. 


Install the eccentric and re-check the 
measurement. Ensure the eccentric is in 
the straight ‘up’ position. 


Repeat Steps 5 and 6 as required until the 
correct dimension is obtained. 


Install the washer and split pin. Lock the 
eccentric in the ‘up’ position by tighten- 
ing the draft control adjustment lock nut 
to the correct torque, see ‘Speci- 
fications’ — Chapter 8. 


Position Control Adjustment 


Before making the position control adjust- 
ment, ensure that all preceding internal and 
external adjustments have been made, 
otherwise a false setting will result. 


lis 


Place the hydraulic selector lever in 
position control (fully rearward). 


Position the hydraulic lift control lever 
edge 0.5-1.0 in (13-25 mm) away 
from the front edge of the slot in the 
console (lower position). 
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3. Loosen the locknut on the position 
control adjustment, Figure 70. Turn the 
adjustment until the punch mark is 
positioned at ‘3 o'clock.’ This provides a 
starting point for the adjustment. 


4. Start the engine and set the speed to 
700-800 rev/min (idle). 


5. Turn the position control adjustment 
clockwise until the lower links begin to 
raise, then while holding the adjustment, 
tighten the lock nut to the correct torque, - 
see ‘Specifications’ — Chapter 8. 


Draft Control Adjustment 


Before making the draft control adjustment, 
make sure that all preceding internal and 
external adjustments have been made, 
otherwise a false setting will result. 


1. Place the hydraulic selector lever in draft 
control (fully forward). 


2. Position the hydraulic lift control lever 
edge 0.5-—1.0 in (13-25 mm) away 
from the rear edge of the slot in the 
console (raise position). 


3. Loosen the locknut on the draft control 
adjustment, Figure 70. Turn the adjust- 
ment until the punch mark Is positioned 
at ‘6 o'clock’. This provides a starting 
point for the adjustment. 


4. Start the engine and set its speed to 
700-800 rev/min (idle). 


5. Turn the draft control adjustment 
clockwise until the lower links begin to 
raise, then while holding the adjustment, 
tighten the locknut to the correct torque, 
see ‘Specifications’ — Chapter 8. 
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Figure 71 
Lift Control Lever Adjustment 


1. Lift Control Lever 
A. 0.12-0.25 in (3-6 mm) Clearance 


EXTERNAL ADJUSTMENTS 


The following adjustments should be made 
whenever the tractor hydraulic system com- 
ponents have been serviced or whenever the 
hydraulic system is not operating properly. 
Make the adjustments in the order listed. 
There are no adjustments required for the 
hydraulic lift flow control rod or the system 
selector rod. 


Hydraulic Lift Control Lever Linkage 
Adjustment 


The hydraulic lift control lever linkage must 


be adjusted to provide for full travel of the lift. 


control lever. 


Adjust the linkage as follows: 


1. Place the control lever so that there is 
0.12-0.25 in (3-6 mm) clearance be- 
tween the lower fixed stop and the 
control lever as shown in Figure 71. 
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Figure 72 
Lift Control Lever External Adjustment 


1. Lift Control Rod 
2. Trunnion 
3. System Selector Rod 


4. Cross-shaft 
5. Split Pin 


2. Remove the split pin and two washers 
then disconnect the lift control linkage at 
the hydraulic cover. Rotate the shaft and 
coupler on the hydraulic lift cover fully 
clockwise. 


3. Adjust the trunnion on the lift control rod, 
Figure 72 so that the linkage will fit into 
the shaft and coupler when rotated fully 
clockwise while still maintaining the 
required clearance between the lever and 
stop on the quadrant assembly. 


4. Connect the linkage to the shaft at the lift 
cover with a new split pin. Tighten the 
turnbuckle lock nut to the correct torque, 
see ‘Specifications’ — Chapter 8. 
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Figure 74 
De-Luxe Remote Control Valve Linkage 


Figure 73 
Draft Control Lower Linkage Stop Adjustment 


A. 0.33-0.34 in (8.4-8.5 mm) gap 1. Control Valve Handle 
B. Rear 2. Trunnions 

C. Front 3. Locknut 

1. Eccentric Stop 4. Actuating Rod 

2. Left-hand Link Hanger 5. Cross-shaft 

3. Forward Stop Bolt 6. Cross-shaft 

4. Torsion Bar Anchor 7. Control Console 

5. Torsion Bar 


Remote Control Valve Linkage 
Adjustment 


Draft Control Lower Linkage Stop 
Adjustment 

An adjustable eccentric stop is attached to With reference to Figure 74. 
the left-hand side of the centre housing 
behind the left-hand lift link hanger to limit 
rearward movement of the hanger and twist 
of the torsion bar, Figure 73. Forward 
movement of the hanger is limited by the 
fixed torsion bar anchor stop bolt. 


NOTE: 7o facilitate Jinkage adjustment, the 
De-Luxe Remote Control Valve(s) must be 
in the neutral position. In the neutral 
position, the dimension from the centre of 
the trunnion attaching hole at the end of the 
valve spool to the valve body is 1.50 in (38.7 
With the hanger under no load conditions mm). 
adjust the stops as follows: 


1. Place the remote lever to be adjusted in 


1. Loosen the hexagon headed attaching a 
the neutral position. 


bolt and rotate the stop until the gap 
between the stop and the hanger is 0.33- 
0.34 in (8.4-8.6 mm). 
a 2. Release the trunnion locknut. 
2. Hold the stop in position and tighten the 
attaching bolt to the correct torque, see 
Specifications’ — Chapter 8. 
3. Remove the split pin and washer then 


3: 


Adjust the forward stop bolt so that it Is 
flush with the hanger. 
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separate the trunnion from the valve 
spool. 


4. Turn the trunnion to adjust the actuating IMPORTANT: 7o ensure satisfactory oper- 


rod length until on re-assembly the ation, after tightening the locknut check the 
control valve handle assumes a position centreline of the trunnion Is parallel with the 
relative to the end of the slot in the top surface of the valve body within +2’. 
control console as specified in the fol- 

lowing chart. 


5. Replace the washer and split pin then 
tighten the trunnion locknut to the 
specified torque, see ‘‘Speci- 
fications’ — Chapter 8. 


De-Luxe Remote Control Handle Dimension ‘X’ from| Dimension ‘Y’ from 
Valve Position Slot Location in Edge of Handle to | Edge of Handle to 
Console (Figure 74)| End of Slot End of Slot 


R.H. Outer 2.0 in (50.8 mm) — 
R.H. Inner © 2.0 in (50.8 mm) — 
L.H. Inner — 2.5 in (63.5 mm) 
L.H. Outer — 2.5 in (63.5 mm) 
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A. TROUBLE SHOOTING 
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A. TROUBLE SHOOTING 


GENERAL 


Essentially, trouble shooting involves locat- 
ing a failure point. The failure can be 
mechanical or hydraulic and many factors 
can contribute to the cause of the failure. 
Isolation of the particular cause or causes 
involves a systematic approach to determine 
which components are functioning properly. 


The most important factor to consider in 
hydraulic system trouble shooting Is verifi- 
cation of the problem by observing the 
system operation. Therefore, if possible, 
operate the hydraulic lift and note the 
operating characteristics and failures. 


As a first step in the trouble shooting 
procedure, several preliminary checks should 
be made. These checks are essential in that 
once performed they need no longer be 
considered as a possible cause of the 
malfunction. 


e Check external linkage is free from 
obstruction. 


e Check for external mechanical damage 
such as bent or binding control linkage or, 
in the case of tractors equipped with 
remote control valves, check for kinked 
hoses or damaged cylinders. 


e Check the hydraulic oil in the rear axle is of 
the correct grade and quantity, see 
Specifications’. Check the hydraulic oil 
filter has been changed and no other 
failure has occurred (e.g. Transmission, 
|.P.T.O. Clutch, Dual Power, etc.). 


e Check for external oil leaks. 

e Check for correct linkage adjustment. 
e Check lift in Position Control. 

e Check lift in Draft Control. 


NOTE: /f the problem occurs in Position 
Control but not in Draft Control (or vice- 
versa) an internal linkage fault is indicated. 


e Check correct Position and Draft Control 
Linkage adjustment. 


e Check system relief valve pressure. 


Having performed the preliminary checks 
and failing to locate the probable cause of the 
malfunction, compare the operating charac- 
teristics previously noted with the problems 
listed in the “Trouble Shooting Chart’’ to 
determine possible cause and corrective 
action. 


TROUBLE SHOOTING 


PROBLEM POSSIBLE CAUSES REMEDY 


Failure to lift under} 1. Hydraulic pump pressure low} 1. Perform the system relief 
all conditions valve pressure check 


. Flow control valve stuck or . Clean and inspect the 
binding valve 


. ‘O' ring seals damaged or . Check for cut or missing 
missing in hydraulic pump ‘O’ rings and for correct 
inlet port pump installation 


. ‘O' ring seals damaged or Remove and disassemble 
missing between hydraulic hydraulic pump 
pump body and front and Check for cut or missing 
rear covers ‘O’' ring seals 


. Exhaust pressure valve . Ensure valve is installed 
installed backwards or shallow end first. 
sticking Clean and inspect the valve 


. Lift control valve out of . Adjust the valve 
adjustment 


. Draft control out of . Adjust draft control 
adjustment 


Failure to lift under| 1. Hydraulic pump pressure low| 1. Perform the system relief 
load valve pressure check 


. Damaged or missing ‘O’ ring | 2. Check for cut or missing 
seals between lift cylinder ‘O’ ring seals and for a 
and control valve body or damaged seal 
damaged lift piston seal 


PROBLEM POSSIBLE CAUSES REMEDY 


Failure to lift under] 3. 
load (Continued) 


Damaged or missing ‘O' ring | 3. 


seals on the oil pressure 
connecting sleeve 


. ‘O' ring seals damaged or 


missing in hydraulic pump 
inlet port or between pump 
and cover assembly 


. Clogged oil inlet filter and 


faulty by-pass valve 


. Exhaust pressure valve 


sticking 


. Faulty safety valve 


Occasional failure 
to lift (not due to 
overloading 


. Lift control valve out of 


adjustment 


. Exhaust pressure valve 


Excessive lift 
corrections 


installed backwards or 
sticking 


. Safety valve leakage 


. Damaged or missing ‘O’ ring 
seals between lift cylinder 
and control valve body or 
damaged lift piston seal 


. Lift drop poppet, ball or seat 


leaking 


Check for cut or missing 
‘O' ring 


. Check for cut or missing 


‘O’ rings and for correct 
pump installation 


. Change oil filter and 


check by-pass valve 


. Clean and inspect the 


valve 


. Clean and inspect the 


valve 


. Adjust the valve 


. Ensure valve is installed 


shallow end first, clean 
and inspect the valve 


. Check valve for damaged 


valve seat or cut or miss- 
ing ‘O’ ring seals 


. Check for cut or missing 


‘O' ring seals and for a 
damaged seal 


. Check the parts for wear or 


damage 


HttQVtQTMUj UTC PART S— HYDRAULIC SYS 


PROBLEM POSSIBLE CAUSES REMEDY - 


Slow lift response 


No draft response 


Draft control 
over corrections 


Erratic lift response 
vs lift lever 
movement 


Remote equipment 
fails to operate 


. Hydraulic lift control lever 


linkage incorrectly adjusted 


. Lift control valve out of 


adjustment 


. Variable flow control valve 


stuck in slow lift position 


. Exhaust pressure valve 


installed backwards or 
sticking 


. Draft control out of 


adjustment 


. Connecting rod actuator too 


long 


. Draft control rod too short 


. Roller disengaged from draft 


sensing yoke 


. Lift control valve out of 


adjustment (Clearance 
between keeper and poppet 
actuator too small) 


. Bushing in rear axle centre 


housing scored causing left- 
hand lift link hanger to bind 


. Position control out of 


adjustment 


. Draft control out of 


adjustment 


. Tractor hydraulic system 


pressure low 


. Damaged or worn spool 


bores 


. Adjust linkage 


. Adjust the valve 


. Check for correct 


hydraulic lift control lever 
linkage adjustment 


. Ensure valve is installed 


shallow end first 
Clean and inspect the 
valve 


. Adjust draft control 
. Adjust connector 


. Adjust rod 


. Check for roller engage- =, 


ment. 


. Adjust the valve 


. Check hanger for free- 


dom of movement in bushings 
Install new bushings if 
required 


. Adjust position control 


. Adjust draft control 


. Check tractor hydraulic 


system 


. Replace remote control 


PROBLEM POSSIBLE CAUSES REMEDY 


3. Adjust detent regulating 
valve 


Remote equipment | 3. Detent regulating valve 
fails to operate incorrectly set 
(Continued) 


4. Replace ‘O’ ring seals and/ 
or shuttle valve 


4. Leaking shuttle check 
valve(s) 


. Replace flow control 
spool and spring 


. Leaking or sticking flow 
control spool 


. Replace the combining 
(sequencing) valve 


. Relief valve setting 
incorrect 


. Flow control in SLOW 1. Adjust flow control 


Slow operation of 
remote equipment 


2. Check oil level 
. Check and renew 


2. Low oil level 
3. Hydraulic system suction 
filter blocked 


. Check Tractor hydraulic 
system 


. Fault in hydraulic system of 
tractor 


5. Replace ‘O’ ring seals 
and/or shuttle valve 


. Leaking shuttle check 
valve(s) 


. Replace flow control 
_spool and spring 


. Leaking or sticking flow 
control spool 


7. Check and replace faulty 
components 


. Faulty load check valve and/ 
or flow control restrictor 


. Overhaul the flow control 
spool 


. Contamination in flow 
control spool oilways 


. Detent regulating valve . Adjust 


set too high 


Tractor hydraulic 
system relief 
valve blows at 
end of remote 
cylinder cycle 


2. Check and renew faulty 
components 


2. Centring spring components 
damaged 


. Overhaul detent 
mechanism 


. Detent mechanism jammed 


4. Replace remote control 
valve 


. Valve spool jammed 


. Detent regulating valve set . Adjust 


too low 


Spool returns to 
neutral before 
remote cylinder 
reaches end of 
stroke 


2. Detent mechanism worn or . Overhaul detent 


spring weak 


. Replace remote control 
valve 


. Spool worn at detent location 
(Remote Control Valve) 


WIT PARTS HYDRAULIC SYSTERN, ——>————————yyy EEE: 


B. PRESSURE TESTING 


SYSTEM RELIEF VALVE PRESSURE 2. Start the engine and set the speed as 
CHECK follows: TW-5, TW-15 and TW-25 at 
1400 rev/min, TW-35 at 1200 rev/min. 


NOTE: When making this check, all hydrau- 
lic equipment should be disconnected from 
the quick couplers. If leakage is present a 
false system relief valve reading will result. 


The tractor hydraulic system incorporates a 
system relief valve in the hydraulic pump 
cover, Figure 1. The system pressure can be 
checked by plugging into one of the remote 
quick couplers as follows. 


3. Move and hold the remote control valve 
lever in the “RAISE” position. Observe 
the pressure gauge. It should register 
2500-2600 Ibf/in? (172-179 bar) (176- 
182 Kgf/cm?). If the reading is not within 


1. Install the test equipment into the specifications, refer to the next pro- 
“RAISE” coupler of a remote valve, cedure, ‘Adjusting System Relief 
Figure 2. Valve.” 


Figure 1 Figure 2 

Hydraulic System Relief Valve System Relief Valve Pressure Check 
1. Ball 7. Circlip 1. Break-Away Coupling, Male Tip 
2. ‘0’ Ring Seals 8. Plug 2. Hose and Fitting Assembly, Tool No. FT4100-1 
3. Relief Valve Body 9. Shims or 2106 
4. Relief Valve Assembly 10. Spring 3. Pressure Gauge, Tool No. FT8503A or 2028 
5. Retainer 
6. Hydraulic Pump Cover 


and Valve Assembly 


ADJUSTING SYSTEM RELIEF VALVE 


With reference to Figure 1. 


If the system relief valve pressure, as re- 
corded in the preceding test, was not to 
specification, the system relief valve must be 
removed from the tractor and shims added or 
removed. If the pressure reading is BELOW 
2500 Ibf/in? (173 bar) (176 Kgf/cm?) add 
shims. If the pressure reading was ABOVE 
2600 Ibf/in? (179 bar) (182 Kgf/cm7?) re- 
move shims. Every 0.01 in (0.25 mm) change 
in shim thickness will change the system 
pressure approximately 100 Ibf/in? (6.9 bar) 
(7 Kgf/cm?). 


NOTE: Maximum permissible shim thick- 
ness is 0.08 in (2 mm). If system relief 
pressure cannot be obtained with 0.08 in (2 
mm) shims installed, the hydraulic pump or 
safety valve is at fault. Refer to pump 
removal, disassembly, inspection, repair and 
installation procedures. Refer to “Lift Cylin- 
der and Control Valve Assembly” for safety 
valve removal, disassembly and inspection 
and repair procedures. 


1. With a suitable solvent, clean the area 
around the relief valve on the hydraulic 
pump cover assembly to prevent dirt from 
entering the hydraulic system when 
removing the valve. Blow dry with com- 
pressed air. 


2. Remove the split pin and disconnect the 


differential lock poedal shank from the 
actuating rod. Unscrew the differential 
lock actuator rod guide cap to gain 
access to the relief valve. Unscrew the 
relief valve assembly from the hydraulic 
pump cover assembly. 


Disassemble the valve by removing the 
“C” ring in the rear of the relief valve. 


. Add or remove shims, as required, to 


obtain the specified pressure. 


Refer to the exploded view and assemble 
the valve. Installa new ‘O' ring seal on the 
valve body. Screw the valve into the 
cover and tighten securely. 


Install the differential lock guide cap and 
connect the actuator to the shank with a 
new split pin. 


7. Re-check the system pressure. 
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PRESSURE TESTING DETENT 
REGULATING VALVE 


After servicing the detent regulating valve or 
if the control levers and spool are returning to 
neutral prematurely, the detent regulating 
valve should be tested as follows: 


For Dealers With FT8503 Test Equipment: 


NOTE: 7o facilitate pressure testing a male 
portion of the quick release coupling must be 
converted from a female thread to a 3 in. 
B.S.P. male thread by the installation of a 
suitable adaptor. Alternatively weld or braze 
a length of 4in. B.S.P. threaded pipe into the 
male coupling, this coupling may then be 
retained for future pressure testing. 


1. Remove the dust cap from the lift cou- 
pling of the spool to be checked. 


Figure 3 
Pressure Testing Detent Regulating Valve 


. Pressure Gauge, Tool No. FT8503A 
. Modified Male Coupling 

. Load Valve, Tool No. FT8503-1B 

. “Tee Adaptor, Tool No. FT8503-1B 
. Hose, Tool No. FT8503-4 
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For Dealers With FT8503 Test Equipment: 


2. Assemble the modified male coupling 


into the ‘T’ Piece Adaptor and Load 
Valve, Tool No. FT8503-18B. Install the 
Pressure Gauge, Tool No. FT8503-A, 
Adaptor, Tool No. FT8526, and Hose, 
Tool No. FT8503-4 in the ‘T’ Piece 
Adaptor. 


For Dealers With Nuday Test Equipment: 


2. Assemble the modified male coupling 
into the ‘T’ Piece Adaptor, Tool No. 1393. 
Install the Gauge Fitting, Tool No. 0835, 
Pressure Gauge, Tool No. 2028, Hose, 
Tool No. 1402, Load Valve, Tool No. 
1394, Adaptor, Tool No. 1384 and Hose, 
Tool No. 1392 into the ‘T’ Piece Adaptor. 


3. Insert the male coupling of the assembled 


test equipment into the lift coupling of 
the spool to be checked. 


4. Remove the rear axle oil filler plug and 


secure the return hose of the test equip- 
ment in the filler opening, Figure 3. 


5. Open the load valve. 


TEST PROCEDURE 
1. Ensure the load valve is fully open. 


2. Start the tractor engine and set the 
engine speed to 1700 rev/min. 


3. Warm the hydraulic oil to 50°C (122°F) 
by operating the tractor hydraulic system. 


4. Move the remote control lever, of the 
spool to which the test equipment is 
attached, to the raise position. 


5. Gradually close the load valve and ob- 
serve the pressure gauge reading which 
should steadily rise until the detent 
regulating valve opens, at which point 
the needle will fluctuate and the handle 
return to the neutral position. Note the 
gauge reading immediately prior to the 
needle fluctuation and compare with the 
specified pressure. 


See? 


6. If the pressure reading is not within the 
specified range adjust the ‘‘return-to- 
neutral’ pressure as follows: 


(i) Loosen the detent regulating valve 
locknut located on the rear of the 
spool valve, Figure 4. 


(ji) Turn the adjusting screw in to 
increase the pressure setting, or out, 
to reduce the pressure setting. 


Figure 4 
Pressure Detent Adjustment 


Ses : 1. Remote Valve 
(iii) Tighten the locknut and re-check 2. Locknut 


the pressure setting. 3. Adjusting Screw 


C. SPECIFICATIONS 


VALVE OPENING PRESSURES 


Lift Cylinder Safety Valve 2650-2750 183-189 187-193 
*System Relief Valve 2500-2600 173-179 176-182 


Auxiliary Pump/Remote Valve 2700-2750 186-190 190-193 
Circuit Relief Valve 
Remote Control Valve Detent Release 2150-2350 148-162 150-165 


“At 8.3 Imp, galls/min, 10 U.S. galls/min, 38 Litres/min. 


VARIABLE FLOW CONTROL VALVE 


End-Play 0.010-0.025 in (0.25-0.64 mm) 
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TRANSMISSION MOUNTED MAIN HYDRAULIC PUMP-—- GEAR TYPE 


Flow Capacity @ 2500 Ibf/in? (172 bar) (176 Kgf/cm?) 


U.S. pili Pump Speed \|Engine Speed 
mea galls/min (rev/min) (rev/min) 


Ford TW-5 

Ford TW-15 
Ford TW-25 
Ford TW-35 


AUXILIARY ENGINE MOUNTED HYDRAULIC PUMP - Where fitted 


Ford TW-5 


Ford TW-15 
Ford TW-25 
Ford TW-35 


REMOTE CONTROL VALVES 


Flow Capacity @ 1900 Ibf/in? (131 bar) (134 Kgf/cm?) at rated engine speed. 


Model Maximum Oil Flow at any Imp. U.S. Litres 
One Remote Valve Coupler * galls/min | galls/min min 


Ford TW-5 Single Hydraulic Pump 
Dual Hydraulic Pumps 
Ford TW-15 Single Hydraulic Pump 


Dual Hydraulic Pumps 
Ford TW-25 Single Hydraulic Pump 
Dual Hydraulic Pumps 
Ford TW-35 Single Hydaulic Pump 
Dual Hydraulic Pumps 


* Simultaneous operation of two or more remote valves will provide a total output flow in excess 
of maximum flow obtainable from any one coupler. 
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REAR AXLE AND HYDRAULIC OIL 


OIL CAPACITY 


Imp. Galls | U.S. Galls 


Ford TW-5, TW-15 and TW-25 Less Dual Power 15.2 18.2 69.1 


Ford TW-5, TW-15 and TW-25 With Dual Power 16.5 19.8 74.8 
Ford TW-35 19.1 22.9 87.0 


With front wheel drive increase the oil fill by 1.2 Imp. Galls, 5.2 Litres, 1.4 U.S. Galls. 


LUBRICANT 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 
Operators Manual. | 


TORQUE SPECIFICATIONS 


Ibf.ft Nm Mkg 
Attaching Bolt in End of Torsion Bar 22 30 3.1 
Draft Control Adjustment Lock Nut 130 176 18.0 
Draft Control Arm Set Screw Jam Nut 22 30 3.1 
Draft Control Lower Linkage Stop Attaching Bolt 55 75 7.6 
Exhaust Valve Plug 65 88 9.0 
Flow Control Actuator Housing Attaching Bolt 12 16 1.7 
Flow Control and Unload Valve Sleeves 75 102 10.4 
Hydraulic Lift Cover Attaching Bolts 155 210 21.5 
Hydraulic Pump Attaching Bolts 22 30 3.1 
Hydraulic Pump Cover Attaching Bolts 35 47 4.9 
Hydraulic Pump Drive Gear Retaining Nut 48 65 6.7 
Hydraulic Pump Front Cover Attaching Bolts 
(TW-5, TW-15 and TW-25) 67 91 9.3 
Hydraulic Pump Rear Cover Attaching Bolts 
(TW-5, TW-15 and TW-25) 67 91 9.3 
Hydraulic Pump Body Bolts 35 47 4.9 
Inlet Filter Manifold Attaching Bolts 25 34 35 
Lift Actuating Lever Attaching Nut 80 108 11.1 
Lift Arm Attaching Bolts 75 102 10.4 
Lift Control Rod Turnbuckle Locknut 25 34 3.5 
Lift Control Valve Attaching Bolts 22 30 3.1 


11 


TORQUE SPECIFICATIONS — Continued 


Ibf.ft Nm Mkg 
Lift Control Valve Bushing 135 183 18.7 
Lift Cylinder Attaching Bolts 280 380 38.9 
Oil Pressure Connecting Sleeve 30 41 4.2 
Pilot Sleeve 17 23 2.4 
Pilot Pressure Tube Fittings 22 30 3.1 
Poppet Valve Plug 90 122 12.5 
Position Control Adjustment Locknut 75 102 10.4 
Priority Valve Pack Attaching Bolts 32 43 4.4 
Priority Valve Pilot Restrictors 60 82 8.3 
Remote Control Valve Linkage Locknut 25 34 3.5 
Remote Control Valve Detent Housing Screws 5 7 0.7 
Remote Control Valve-to-Bracket Attaching Bolts 24 33 3.4 
Remote Valve Bracket-to-Lift Cover Attaching Bolts 42 57 5.8 
Remote Coupler-to-Remote Valve Attaching Bolts 14 19 2.0 
System Relief Valve 110 150 16.0 
System Pressure Tube Fittings: 
At Lift Cover 22 30 3:1 
At Hydraulic Pump Cover and 
Priority Valve Pack 52 71 7.2 
Toplink Retainer Attaching Bolts 150 204 21.0 
Unload Check Valve Plug 40 54 5:5 
Variable Flow Control Valve Gland 37 — 50 5.1 


D. SPECIAL TOOLS 
(Prior Tool Numbers, where applicable, shown in brackets) 


V. L. CHURCHILL NUDAY 
DESCRIPTION TOOL NO. TOOL NO. 


Lifting Fixture (Hydraulic Lift Cover) FT8610 1302 (SW-522) 
Step Plate Adaptors 630S 9210 (630S) 
Break-Away Coupling Male Tip — 2362 (D-8F) 
Hose and Fitting Assembly FT4100-1 2106 (D-19-HP) 


Adaptor FT8526 0835 (D-11) 
Pressure Gauge FT8503A (T8503A) 2028 (D-22) 

Tee Fitting FT8503-1B (T8503-1B)|} 0027 (ND-135-4.1) 
Hose Assembly FT8503-4 (T8503-4) 1392 (N-1100-J) 
Load Valve FT8503-1B (T8503-1B)} 1393 (N-1100-N) 
Pipe Nipple — No Number 

Low Pressure Hose — No Number 
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A. DESCRIPTION AND OPERATION 


The Ford TW-5, TW-15, TW-25 and TW-35 
Tractors feature an hydrostatic steering 
system. The components are serviced 
separately and consist of the steering column 
and tilt mechanism, steering motor, power 
steering pump and reservoir, front steering 
cylinder, front axle assembly and the hoses 
and tubes required to connect the system. 


STEERING COLUMN AND TILT 
MECHANISM 


The steering wheel is secured to the steering 
column and tilt mechanism. The steering 
column support shaft is joined to the steering 


motor by a flange and insulator. The steering 
motor, steering column, shaft and tilt 
mechanism are mounted on a support which is 
bolted beneath the instrument panel. 


STEERING MOTOR 


The hydrostatic steering motor uses a linear 
control valve to control the direction of the 
steered wheels and a metering unit to control 
the rate of turn. In the event of pump failure the 
metering unit functions as an hydraulic pump 
and the wheels can be turned manually. 


Figure 1 
Steering Motor Control Valve Section 


. Drive Ring 
Spacer 

. Input Shaft 

Pin 

. Actuating Ball 
Valve Housing 
Spool 

. Retainer Spring 
. Torsion Bar 
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STEERING MOTOR CONTROL VALVE 
SECTION 


With reference to Figure 1. 


The control valve section directs the hydraulic 
oil to and from the metering unit, to and from 
the front steering cylinder and also regulates 
the pressure of the oil flowing to the front 
steering cylinder. The lower end of the input 
shaft is bored to receive the top of the torsion 
bar. The torsion bar is pinned to the input 
shaft, extends through the spool and is linked 
with the drive link in the metering system. 
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The drive link is splined to, and turns the rotor 
of, the rotor and stator assembly. The torsion 
bar is the principal link between the input shaft 
and the metering system in the power steering 
mode of operation. 


The lower end of the input shaft is splined to 
engage the drive ring. The drive ring is 
externally splined to engage and drive the 
spool. The drive ring splines are wider than 
those on the input shaft to allow a pre-deter- 
mined amount of free-play. This design 
provides a mechanical link between the shaft 
and spool for manual steering in the event of 
pump failure and limits the amount of twist on 
the torsion bar. 


A helical groove is machined in the side of the 
input shaft and the actuating ball is held 
captive between the helical groove and a 
pocket inside the spool. 


When the steering wheel is turned the torsion 
bar twists and moves the spool up or down to 
uncover oil ports leading to the metering 
system. 
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PUMP METERING SYSTEM 
With reference to Figure 2. 


The metering system meters oil to the steering 
cylinder and maintains the relationship 
between the steering wheel and the front 
wheels. The metering system also acts as a 
manually operated hydraulic pump in the event 
of power steering pump failure. 


As the spool moves up or down from the 
neutral position, the oil flow to the return line is 
restricted and causes the pump pressure to 
rise. Simultaneously, the flow is directed to the 
metering rotor assembly through the manifold 
and commutator. The oil flows from the 
metering rotor assembly to one side of the 
front steering cylinder whilst oil flows back into 
the system from the opposing side of the 
cylinder. 


_Oil flow through the metering rotor assembly 
causes the rotor to rotate. The rotor is keyed to 
the spool by the drive link and rotation causes 
the spool to react against a helix and move 
towards the neutral position. A feedback is 
thus provided so that as the steering wheel is 
turned, the steering cylinder movement is 
measured and the spool is neutralised after the 
cylinder has moved the required amount. 


STEERING CYLINDER 


The double acting steering cylinder is 
transversely mounted on the front axle. The 
cylinder end of the assembly is bolted to an 
adjuster bar which forms an integral part of the 
front axle assembly and _ facilitates 
repositioning of the cylinder when adjusting 
the track setting. The rod end is attached to the 
left-hand spindle arm which is connected by 
the track rod to the right-hand spindle arm. 


NOTE: On vehicles installed with front wheel 
drive the steering cylinder is an integral part of 
the axle. (Refer to Part 10, Chapter 3 — ‘Front 
Wheel Drive Axle Assembly). 


Figure 2 
Steering Motor Metering System 
Spacer 
Drive Link 
Commutator 
End Cover 
Commutator Ring 
Manifold 
Rotor and Stator Assembly 
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The steering cylinder incorporates a piston 
centrally mounted on the piston rod. This 
arrangement enables the piston to present 
surfaces of equal area to the operating oil and 
the resultant forces ensure similar right and 
left-hand turning circles. 


POWER STEERING PUMP AND 


RESERVOIR 


The integral power steering pump and 
reservoir are mounted on the rear of the engine 
front cover plate at the left-hand side of the 
engine. The pump and reservoir are connected 
to the steering motor by two oil tubes. 


When the steering control valve is in neutral oil 
flows freely from the pump, through the 
control valve and back to the reservoir. When 
the steering wheel is turned the control valve 
directs oil to the steering cylinder and the 
system pressure rises. 
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Figure 3 
Power Steering Pump Oil Flow 


Esa Pressure Oil oF Metered Oil 


1. To Pump Outlet 

2. To Reservoir 

3. To Reservoir 

4. Pump Pressure Side 


With reference to Figure 3. 


As oil pressure in the system increases 
pressurised oil enters the third spool bore of 
the pump flow control valve and is directed to 


the first cavity through the drilled passage in . 


the spool. The pressurised oil in the first and 
third cavities moves the spool against the 
spring discharging the displaced trapped oil to 
the pump outlet. 


The movement of the spool to the right allows 
a metered flow of oil to be discharged to the 
reservoir thus regulating the pressure and flow 
necessary to maintain’ the relationship 
between the rate of turn of the steering wheel 
and the front wheels. 


Figure 4 
Power Steering Pump Relief Valve Oil Flow 


ees | Exhaust Oil 


1. To Pump Outlet 

2. To Reservoir 

3. To Reservoir 

4. Pump Pressure Side 


When the spindle stops contact the axle 
housing stops or the front wheels strike an 
obstruction the system pressure will rise to the 
relief pressure and unseat the relief valve 
allowing the oil to be by-passed to the 
reservoir. The velocity of oil through the relief 
valve causes low pressure in the drilled 
passage to the fourth cavity and allows rapid 
movement of the spool to the right which 
discharges oil to the reservoir until the pressure 
is relieved, Figure 4. 


This relief system is a ‘piloted’ relief design, 
whereby unseating the relief valve allows rapid 
movement of the spool, quickly restoring 
system pressure to the circuit. 


| _}Trapped Oil 
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B. STEERING COLUMN — OVERHAUL 


REMOVAL 5. Remove the retaining screws securing the 
instrument panel and carefully lift the panel 
1. Disconnect the battery. from the cowling taking care not to 

| disconnect the wiring harness. 
2. Remove the steering wheel. 6. Disconnect the proofmeter cable from the 

rear of the instrument panel. 

3. Disconnect the proof meter cable from the 7. Identify the location of each wire in the 
rear of the injection pump. harness in order to aid reassembly and dis- 


connect the wires from the instruments 
and switches. 


4. Extract the roll pin and remove the hand 
throttle control lever. 8. Remove the Instrument panel. 


Figure 5 
Steering Column and Motor 

1. Steering Wheel Nut 12. Steering Motor 

2. Opening Seal 13. Steering Column Lower Bracket 
3. Lock Washer 14. Washer 

4. Shaft Bolt 15. Bolt 

5. Ring 16. Steering Column Upper Bracket 
6. Bolt 17. Nut 

7. Bolt 18. Flange and Insulator Assembly 
8. Bolt (Flexible Coupling) 

9. Insulator 19. Clamp Bolt 
10. Washer 20. Flange (Tilt) Assembly 
11. Nut 
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9. 


10. 


11. 


Figure 6 
Steering Column 
1. Attaching Bolts 
2. Steering Column Assembly 
3. Steering Column Upper Bracket 


Withdraw the screws securing the in- 
strument panel cowling and remove the 
cowling. 


Loosen the bolt that clamps the steering 
shaft to the steering motor flexible 
coupling, Figure 5. 


Remove the four bolts attaching the 
steering column assembly to the steering 
column upper bracket, Figure 6. Remove 
the steering column assembly from the 
tractor. 


DISASSEMBLY 


With reference to Figure 7. 


1. 


2. 


Unscrew and remove the lock lever. 


Withdraw the screws securing the position 
control upper cover and remove the cover. 


Separate the upper and lower extensions 
which are held together with spring clips. 


Replace the lock lever. 
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Figure 7 
Steering Wheel Tilt Mechanism 
Bolt 


. Lock Lever 


Knob 

Screw 

Lock Washer 
Hub Cap 


. Steering Wheel 

. Column Tube Assembly 

. Lower Extension 

. Thrust Washer 

. Retainer (3) 

. Upper Extension 

. Spring Washer 

. Flange (Tilt Mechanism) 

. Nut 

. Position Control Upper Cover 


Remove the allen screws and retainers that 
position the upper extension to the tilt 
mechnism, Figure 8. Separate the steering 
column and tilt mechanism from the sheet 
metal components. 


Remove the two threaded pins in the tilt 
mechanism using Handle Tool No. 9662 
and Remover Tool No. 9661 , Figure 9. 


Depress the lock lever to release the spring 
loaded pawls and separate the upper and 
lower portions of the tilt mechanism, 
Figure 10. 


RE-ASSEMBLY 


1. 


Depress the lock lever to release the spring 
loaded pawls and assemble the upper and 
lower portions of the tilt mechanism. 


Figure 8 
Flange (Tilt Mechanism) 


1. Upper Extension 
2. Allen Key 
3. Lower Extension 
4. Retainer 


2. Replace the two threaded pins using a 
suitable press or clamp, Figure 11. 


3. Assemble the upper extension to the tilt 
mechanism using the three retainers and 
allen screws. 


Figure 10 


. Pawl Ratchet 
. Lower Portion Tilt Mechanism 
. Steering Column 
. Pawl 
Upper Portion Tilt Mechanism 
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4. Remove the lock lever and assemble the 
upper and lower extensions. 


5. Install the position control upper cover and 
replace the lock levers. 


Figure 9 
Tilt Mechanism 
1. Remover, Tool No. 9661 
2. Pin 
3. Pawl 
4. Lock Lever 
5. Handle, Tool No. 9662 


Figure 11 
Tilt Mechanism 


1. Lock Lever 
2. Clamp 
3. Threaded Pin 
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INSTALLATION 4. Install the proof meter cable to the 
proofmeter and screw the _ instrument 
1. Install the steering column in the upper panel into position. 


steering column bracket ensuring that the 

flat on the end of the steering column shaft 5. Replace the hand throttle control lever. 

matches the flat in the flexible coupling 

flange. Tighten the clamp bolt on the Install the steering wheel and tighten the 

flange. securing nut to the correct torque, see 
Page 3, ‘Specifications’ — Chapter 2. 


da 


2. Install the instrument panel cowling. 


~ 


Attach the proofmeter cable to the rear of 
the fuel injection pump. 
3. Reconnect the wiring harness to the 

instrument and switches. 8. Reconnect the battery. 


C. STEERING MOTOR — OVERHAUL 


REMOVAL 1. Disconnect the battery. 


NOTE: 7he steering motor (with the steering 
column lower bracket) can be removed from. 2. Remove the tractor left-hand cowl and side 
the tractor without removing the fuel tank. panels, Figures 12 and 13. 


Figure 12 : Figure 13 


Sheet Metal (TW-15) Sheet Metal (TW-25) 
1. Hood Panel 1. Hood Panel 
2. Grille 2. Grille 
3. Grille Side Panel 3. Side Panel 
4. Side Panel 4. Cowl Panel 
5. Cowl Panel . 
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3. Clean the flexible steering hose to rigid 
pipe connections, Figure 14. 


4. With a suitable container positioned to 
catch the escaping steering oil, mark and 
separate the flexible steering hoses from 
the rigid pipes. Cap and seal the pipes, 
using suitable plugs. 


5. Disconnect the hydraulic hoses at the 
steering motor and remove them from the 
tractor. 


6. Loosen the bolt that clamps the steering 
shaft to the flexible coupling (flange), 
Figure 5. 


7. Remove the bolts that support the steering 
column lower bracket, Figure 5. Withdraw 
the bracket with motor attached from the 
tractor. 


8. Separate the motor from the steering 
column lower bracket. 


DISASSEMBLY 


Cleanliness in servicing the power steering 
system is imperative. If it is necessary to 
disassemble any of the units, ensure a clean 
work bench or table is used. 


Clean off external dirt before the unit is placed 
on the work bench. 


When disassembled, parts should be cleaned 
only in clear, clean petroleum base solvent and 
blown dry with clean air. Other solvents may 
cause deterioration of rubber seals. Avoid 
wiping parts with cloth and never steam clean 
hydraulic steering assemblies. 


Figure 14 
Steering Motor Mounted on Tractor 


. Pump Return Hose 

. Steering Column Lower Bracket 

Left Turn Cylinder Hose 

Pump Pressure Hose 

Right Turn Cylinder Hose 

. Steering Motor 

. Flange Guard (Access to Clamp Bolt) 
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NOTE: 7he spool and housing, the com- 
mutator and commutator ring and the rotor 
and stator are selectively fitted and must be 
serviced as follows: 


e If the spool or housing must be replaced, 
replace the complete motor. 


e If the commutator or commutator ring 
must be replaced, replace both as a 
matched set. 


e If the rotor or stator must be replaced, 
replace the complete metering element. 


e If the pin in the end cover or the end cover 
must be replaced, replace the pin and end 
cover assembly. 
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Figure 15 
Steering Motor 


1. Thrust Washer 18. Valve Spool 

2. Circlip 19. Torsion Bar 

3. Shims 20. Spacer 

4. Spacer 21. End Cover 

5. Pin 22. Washer 

6. Input Shaft 23. Rotor Seal 

7. Drive Ring 24. Seal Retainer 

8. Dust Seal 25. Commutator 

9. Circlip 26. Commutator Ring 
10. Stepped Washer 27. Manifold 

11. Seal 28. Metering Element 
12. Upper Cover Assembly 29. Spring Washer 
13. Seal 30. Drive Link 

14. Spool Spring 31. Spacer 

15. Steel Ball 32. Thrust Washer 
16. Housing 33. Valve Thrust Bearing 


17. Plug and “O” Ring 
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With reference to figure 15. 


1. Insert an O-ring tube fitting, with a tube 
nut or fitting cap attached, into one of the 
four threaded ports in the housing. Clamp 
the fitting in a vice with the seven end 
cover bolts upright, Figure 16. 


2. Withdraw the seven special bolts from the 
end cover. 


NOTE: 7o ensure protection of the ground and 
lapped faces of the components, take care in 
the following steps to avoid scratching or 
nicking the finished surfaces. 


3. Tap the end cover sideways with a soft 
headed hammer to loosen the seal and 
retainer. Lift the end cover from the unit. 


NOTE: 7he wear washer and commutator may 
be stuck to the end cover bya film of oil. Do not 
attempt to remove the pin which is a press fit in 
the cover and Is not serviceable. 


4. Tap the seal retainer sideways with a soft 
headed hammer to remove the rotor seal 
retainer from the valve body. Discard the 
rotor seal. 


5. If they are not stuck to the end cover, lift 
the wear washer and commutator from the 
manifold. 


6. Slide and lift the commutator ring from the 
manifold. 


NOTE: Handle the fragile commutator ring 
with great care. 


7. Slide and lift the manifold from the 
metering element. 


8. Grasp the spacer then slide and lift the 
metering element, spacer and drive link as 
an assembly, from the valve housing, 
Figure 17. 


Figure 16 
Power Steering Motor 
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Figure 17 
Metering Element Removal 


1. Metering Element 2. Spacer 
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Figure 18 
Metering Element 
3. Drive Link 
4. Stator 


1. Rotor 
2. Spacer 


9. Separate the drive link by sliding the 
metering element on the spacer and 
allowing the drive link teeth to clear the 
spacer hole. Remove the drive link and 
separate the metering element from the 
spacer. Use extreme caution to stop the 
vanes and springs from falling out. When 
handling the metering element, pressure 
should be applied to the rotor by gripping 
the metering element between the fingers 
and pressing the rotor into contact with the 
stator, Figure 18. 


NOTE: The rotor and stator must be kept ina 
matched set. Protect against damage to the 
side faces. 


10. Reverse the unit in the vice with the input 
shaft in a vertical position. To facilitate re- 
assembly, use a centre punch to mark the 
upper cover assembly and the port face of 
the housing, Figure 19. 


11. Remove the four special cap screws with a 
516 in 12-point socket. 


12. Grasp the input shaft and, with a smooth 
upward motion, remove the input shaft, 
upper cover and spool assembly from the 
valve body. 


Figure 19 
Steering Motor Input Shaft 
1. Alignment Marks 


NOTE: Do not apply side forces to the spool 
which will cause binding of the closely fitted 
assembly. Never use excessive force to remove 
the spool from the body. 


13. Remove and discard the seal. 


14. Remove the upper cover with the shaft seal 
intact. Remove the spacer. 


15. Remove the shims from either the upper 
cover cavity or from the thrust washer 
face. To aid re-assembly, record the 
number of shims. 


16. Remove the upper cover dirt seal. Extract 
the circlip and remove and discard the 
stepped washer and seal. 


17. Remove the circlip, thrust washer, thrust 
bearing, thrust washer and spring washer 
from the input shaft. 
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Figure 20 Figure 21 
Steering Motorinput Shaft and Spool Torsion Bar and Spool 

1. Spool 1. Spool 

2. Input Shaft 2. Torsion Bar 

18. Use a punch 0.12 in (3 mm) maximum 22. Do not remove the ball retainer spring 
diameter and 0.63 in (16 mm) minimum unless replacement is required. If the 
length, to remove the pin. Place the input spring has to be removed, grasp the 
shaft on a block of wood and use light flattened end with pliers and lift over the 
hammer blows to remove the pin, Figure shoulder on the spool. Continue to pull and 
20. remove the retainer spring. A screw-driver 


may be used to pry the spring over the 
shoulder of the spool. Take care to avoid 
scratching or nicking the spool outside 
19. Invert the spool assembly and allow the diameter edges. 
torsion bar and spacer to fall free. Do not 
remove the pin from the torsion bar, Figure 
21, 


20. Place the end of the spool on flat surface 
and rotate the input shaft full left and full 
right until the drive ring falls free, Figure 22. 


21. Keep the spool assembly in the same 
position and rotate the input shaft in a 
clockwise direction until the steel ball dis- 
engages from the helical groove in the 
input shaft. Lift out the input shaft. 


Figure 22 
Drive Ring Removal 


IMPORTANT: Jake care not to Jose the steel 1. Spool 
ball which may fall free. 2. Drive Ring 
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INSPECTION AND REPAIR 


1. 


Inspect and replace all damaged or worn 
parts. The following finished surfaces 
should be inspected for abnormal wear, 
scoring or damage. 


e Housing bore and ends. 


e Valve spool outside diameter. Some 
acceptable burnishing due to use may 
be observed. 


e Valve spool edges 


e Valve spool splines. 


e Input shaft seal area. Check for rust, 
pitting and excessive wear. Acceptable 
light circumferential polishing due to 
seal contact may be observed. 


¢ Input shaft helical groove. Note the 
contact pattern created by the actuator 
ball. The surface should be free from 
pits, chipping or surface breakdown. 


e Thrust bearing and thrust washers. 
Inspect for pitting of the rollers and 
faces of the thrust washers. 


e Drive link pin slot. The width of the slot 
must not vary more than 0.001 in 
(0.025 mm) along the entire length. 


© Drive link teeth. 


e Torsion bar and pin assembly. The 
diameter of the pin should not vary more 
than 0.001 in (0.025 mm). 
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2. The following parts may show a normal 
polish pattern due to the rotor action and 
the circular motion of the commutator. 
The sides of these components are ground 
and lapped and should be free from nicks, 
burrs and scoring. 


© Spacer. 

© Manifold. 

e Rotor. 

e End cover and pin assembly. 


e Commutator. 


NOTE: The difference in thickness between 
the commutator and the commutator ring 
must not exceed 0.0015 in (0.038 mm). 


3. Handle the metering element with great 
care to avoid nicks and scratches. It is 
recommended that the rotor, stator vanes 
and springs be checked whilst assembled. 
To inspect the metering element, place the 
assembly face down on the lapped face of 
the end cover and check for freedom of 
rotor rotation within the stator. The action 
of the spring loaded vanes may be 
observed during rotation. The vanes 
should move freely in their slots without 
binding, Figure 23. Use a feeler gauge to 
check the rotor to stator clearance as 
shown in Figure 24. If the clearance is more 
than 0.006 in (0.15 mm) the metering 
element must be replaced. 


4. Carefully lift the metering element 
assembly from the end cover and measure 
the thickness of the rotor and the stator. 
The difference between the rotor and the 
stator must not exceed 0.002 in (0.05 mm). 


5. The rotor internal splines should not show 
abnormal wear or damage. 


Figure 23 Figure 24 


Metering Element Rotor to Stator Check 

1. Rotor 1. Rotor 

2. Stator 2. Stator 

3. Vane Spring 3. Feeler Gauge 

4. Vane 

RE-ASSEMBLY 6. Use the mid-section of the torsion bar as a 
gauge, insert the gauge between the spool 

IMPORTANT: Before starting re-assembly, end and the thrust washer, Figure 25. 


clean all parts with a petroleum base solvent 

and air dry. Unless otherwise stated, DO NOT 7. Place the input shaft and spool assembly in 

oil parts before assembly. a vertical position with the shaft end on a 
flat surface. 


1. Re-clamp the valve body in the vice by 
means of the hose fitting. 


2. Assemble the small thrust washer, thrust 
bearing, large thrust washer and circlip on 
the input shaft. 


3. If the actuating ball retaining spring has 
been removed, install a new retaining 
spring. 


4. Hold the spool in a horizontal position and 
insert the steel ball into the ball seat located 
inside the spool. | 


5. Assemble the spring washer over the 
thrust washer and thrust bearing. Insert 
the input shaft into the spool and engage 
: F ; 1. Spool 
the helix and ball with a counter clockwise 2. Torsion Bar 
motion. 3. Thrust Washer 


Figure 25 
Using Torsion Bar as a Gauge 
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Figure 26 
Pressing Pin Into Input Shaft 


1. Press Arbor 
2. Input Shaft 


8. Insert the drive ring into the spool end by 


10. 


11. 


12. 


aligning an internal space on the drive ring 


‘with a tooth on the input shaft spline and 


allow the drive ring to drop to the limit of 
travel. If the drive ring does not engage the 
input shaft spline, a slight rotation of the 
input shaft will allow the drive ring to 
become fully engaged. Remove the torsion 
bar. 


. Install the spacer over the torsion bar and 


pin assembly and insert the assembly into 
the spool end. 


Align the cross-hole in the torsion bar with 
the cross-hole in the input shaft and insert 
the 0.12 in (3 mm) diameter pin punch to 
maintain alignment. 


Insert the pin into the cross-hole in the 
input shaft and, whilst retracting the pin 
punch, engage the pin in the torsion bar 
cross-hole. 


Press the pin flush with the outside 
diameter of the input shaft, Figure 26. With 
a few light taps on the 0.12 in (3 mm) 
diameter pin punch, drive the pin approxi- 
mately 0.03 in (0.81 mm) below the input 
shaft outside diameter. 
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Figure 27 
Upper Cover Installation 


1. Upper Cover 
2. Hose Clamp 


13. Slip the spacer over the spool and place the 
spool assembly into the body. 


NOTE: Avoid applying side forces to the spool 
which would cause binding of the closely fitted 
assembly. 


14. If neither the input shaft nor the upper 
cover are replaced, the original shims may 
be re-used. If the shims are damaged, 
replace with shims of the same thickness. 


Place the shims on top of the thrust 
washer. 


Coat the seal with clean grease and place in 
the upper cover counterbore; Assemble 
the upper cover to the input shaft and 
rotate to align the punch marks previously 
made during disassembly. 


NOTE: /f a new upper cover is used then no 
angular alignment is required. However, the 
upper cover and housing must be aligned 
axially. 


Figure 28 
Shimming on Final Assembly 


1. Drive Link 

2. Feeler Gauge 
3. Straight Edge 
4. Spool 


15. 


16. 


Install the uper cover screws finger tight. 
Use a pilot ring, or a worm drive type hose 
clamp tightened around the upper cover 
flange and the body pilot diameter, to 
achieve the required alignment, Figure 27. 
Tighten the screws to the correct torque, 
see Page 3, ‘Specifications’ — Chapter 2. 


Conduct the shimming procedure as 
follows: 

(a) Revolve the unit in the vice so the 
input shaft is pointing downwards. 
(b) Pull the input shaft down and prevent 
rotation then engage the drive link 
splines in the spool and rotate until 
the spool is flush with the end of the 
housing. 

(c) Remove the drive link then align the 
drive link slot to engage the torsion 
bar pin and fully insert the drive link. 
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Figure 29 
Spacer Installation 


1. Assembly Posts 
2. Spacer 


NOTE: 7o achieve engagement, the spool 


17. 


18. 


may have to turn slightly relative to the body. 


(d) Observe the relationship of the spool 
end to the body. The spool must be 
flush to no more than 0.0025 in (0.064 
mm), above the face of the body, 
Figure 28. 

(e) If the spool end is not within the 
specifications, add or remove shims 
in the upper cover according to the 
shim sizes available, see Page 3, 


‘Specifications’ — Chapter 2. 


With the drive link installed, assemble two 
assembly posts into the housing as shown 
in Figure 29. These assembly posts can be 
made by cutting the heads off two bolts 
similar to the special end cover bolts. 


Assemble the spacer plate over the 
assembly posts and onto the housing with 
the plain side up. 
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Figure 30 Figure 31 
Metering Element Installation Manifold Installation 
1. Rotor 1. Assembly Posts 
2. Stator 2. Manifold 
3. Drive Link 


19. Install the gerotor (metering element) over 
the assembly posts and drive link splines, 
Figure 30. 


WARNING: A// vane springs must be 
down in their slots with no part of any 
spring protruding from either side of the 
metering element. 


20. Install the manifold over the assembly 
posts and onto the metering element. 
Ensure the circular slot side of the manifold 
faces upwards, Figure 31. 


21. Install the commutator ring over the Figure 32 
assembly posts and onto the manifold. Commutator Ring 
Ensure the slot side of the ring faces the 1. Slot 
manifold, Figure 32. 2. Manifold 
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Figure 33 
Commutator Installation 


1. Commutator Ring 
2. Commutator 


22. 


23. 


24. 


25. 


26. 


With the counterbore side of the com- 
mutator upwards, assemble the commuta- 
tor into the commutator ring with the 
slotted hole in the commutator engaging 
the nose on the drive link. Align the 
commutator outside diameter concentric 
with the inside diameter of the 
commutator ring, Figure 33. 


Install the rotor seal and seal retainer over 
the metering element allowing the seal and 
retainer to rest on the housing assembly. 


Apply a few drops of hydraulic oil on the 
commutator and manifold. 


Apply a small amount of clean grease to 
the washer. Install the washer over the pin 
in the end cover. The grease should hold 
the washer to the end cover. 


Assemble the end cover, with the washer 
attached, over the assembly posts and 
onto the steering motor ensuring that the 
pin is engaged in the centre hole of the 
commutator. 
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Figure 34 


Steering Motor End Cover Bolt 
Tightening Sequence 


27. Install five of the special bolts finger tight. 
Remove the two assembly posts and 
assemble the two special bolts finger tight. 


WARNING: Finish tightening the 

seven special bolts according to the 
following procedure. Do not over-tighten as 
irrepairable damage will occur. 


(a) Tighten all seven bolts to 2—3 lbf.ft 
(2.7—3.6 Nm) (0.3—0.4 Mkg) in the 
sequence shown in Figure 34. 


(b) Tighten the bolts to the correct 
torque, see Page 3, ‘Specifications’ 
— Chapter 2, in the sequence shown 
in Figure 34. 


(c) Check that the unit will rotate when a 
torque of no more than 100 lbf.in (11 
Nm) (1.2 Mkg) is applied to the input 
shaft. 
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28. 


29. 


30. 


31. 


32. 


Re-locate the unit in the vice with the input 
shaft upwards. Cover the end of the input 
shaft with tape to protect the new seal 
from sharp edges. Apply clean grease to a 
new seal and gently assemble with the lip 
facing inwards. 


Install the stepped washer flat side up and 
retain in position with the circlip. Ensure 
the rounded edge of the circlip faces 
inwards. 


Install a new dirt seal into the upper cover 
counterbore. 


If the unit is to be stored, plug the cylinder 
ports and fill the inlet port with clean oil. 
Rotate the input shaft until oil appears at 
the outlet port. 


Plug the inlet and outlet port holes to 
prevent the entry of dirt. 


INSTALLATION 


Installation of the steering motor assembly 
follows the removal procedure in reverse. On 
installation observe the following require- 
ments: 


e Tighten all nuts, bolts and connections to 


the correct torques, see Page 3, ‘Specifica- 
tions’ — Chapter 2. 


Purge the air from the system by starting 
the engine and turning the front wheels 
from lock-to-lock several times. If 
necessary, add oil to the reservoir. Repeat 
until steering is normal and the oil level in 
the reservoir remains constant. For the 
correct grade and quantity of oil, see 
Page 2, ‘Specifications’ — Chapter 2. 


D. STEERING CYLINDER—OVERHAUL 


REMOVAL 


1. 


Place the front wheels in the straight ahead 
position. 


Disconnect the cylinder flexible feed pipes 
and cap the exposed pipe ends. 


4, 


Remove the retaining nut and separate the 
taper joint securing the ball pin rod and 
assembly to the spindle arm, Figure 35. 


Remove the bolts securing the cylinder and 
anchor assembly to the adjuster bar. 
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Figure 35 
Steering Cylinder Location 
. Flexible Hose 
. Power Steering Cylinder 
. Cylinder Rod End 
. Left-hand Spindle Arm 
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Carefully remove the steering cylinder 
assembly from the left-hand side of the 
tractor. 


DISASSEMBLY 


1. If a mew assembly is to be installed, 
separate the cylinder assembly from the 
anchor, Figure 36. 


2. Loosen the retaining clamps and unscrew 
the two end ball joints. 
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Figure 36 
Steering Cylinder and Anchor 
. Anchor 
Cylinder Assembly Retaining Nut 
. Feed Hose Support Bracket 
. Rod End Assembly 


PON 


3. Remove the two hose elbows from the 
cylinder 


4. Usea suitable “‘C”’ wrench to unscrew the 
gland and tube assembly. Remove and 
discard ‘‘O” ring. 


5. Carefully slide the piston and rod assembly 
out of the cylinder and head assembly, 
Figure 37. 
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Figure 37 
Power Steering Cylinder and End Assemblies 
. Back-up Ring 
Seal 
. Piston Ring 
“O” Ring 
Vent Plug 
Gland and Tube 
. Bushing 
. Piston Ring 
. Rod and Piston 
10. Seal 
11. Head and Tube 
12. Back-up Ring 
13. Seal 
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INSPECTION AND REPAIR 


1. Clean all parts with a suitable solvent and 
dry with a lint-free cloth or air. 


2. Visually inspect all parts for signs of 
scoring or damage. 


NOTE: The head and tube and gland and tube 
are not serviced and if damaged a new power 
steering cylinder must be installed. 


3. Remove the seals, back up rings and piston 
rings taking careful note of their relative 
positions. 
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RE-ASSEMBLY 


Re-assembly of the power steering cylinder 
follows the disassembly procedure in reverse. 
On re-assembly observe the _ following 
requirements: | 


e Replace all oil seals, back up rings and 
piston rings. Use power steering oil to 
lubricate the seals as an aid to assembly. 


e Warm the piston seal in steering oil prior to 
installation into the piston groove and use 
a hose clamp to seat the seal into the 
groove. 


e Tighten all bolts and nuts to the correct 
torque, see Page 3, ‘Specifications’ — 
Chapter 2. 


INSTALLATION 


Replacement of the steering cylinder assembly 
follows the removal procedure in reverse. The 
following adjustment procedure must be 
observed. 


1. With the wheels in the straight ahead 
position, adjust the track rod length to give 
0—0.50 in (O—12.7 mm) toe-in measured 
at the wheel rims. 


2. Collapse the cylinder until the piston 
bottoms in the bore (solid Height). 


3. Assemble the cylinder end and anchor (if 
separated) and install on the adjuster bar. 


4. Rotate the left-hand spindle arm to 
simulate a left turn until the spindle stop 
contacts the stop on the axle housing. 
Maintain this position. 
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5. 


Install the cylinder rod end assembly into 
the left-hand spindle arm. 


IMPORTANT: The cylinder rod must be 
extended a minimum of 0.12 in (3 mm] to a 
maximum of 0.76 in (19 mm) and the cylinder 
rod end assembly may be adjusted as required 
to a maximum exposed thread of 0.76 in 
(19mm). Tighten the pinch bolt to the correct 


torque, 


see Page 3, ‘Specifications’ — 


Chapter 2. If necessary, the cylinder end 
assembly may be adjusted to 0.25 in (6.4mm). 
Tighten the pinch bolt to the correct torque, 
see Page 3, ‘Specifications’ — Chapter 2. 


6. 


After adjusting the toe-in and installing the 
cylinder, check the spindle stops contact 
their respective axle housing stops on full 
right-hand and left-hand turns. 


Purge the air from the system by starting 
the engine and turning the front wheels 
from lock-to-lock several times. If 
necessary, add oil to the reservoir. Repeat 
until steering is normal and the oil level in 
the reservoir remains constant. For the 
correct grade and quantity of oil, see Page 
2, ‘Specifications’ — Chapter 2. 


E. POWER STEERING PUMP AND RESERVOIR — OVERHAUL 


REMOVAL 


With reference to Figure 38. 


1. 


Remove the engine oil cooler line to 
provide clearance. 


Remove the power steering oil pressure 
and return lines from the pump and 
reservolr. 


Remove the two mounting bolts, and with- 
draw the reservoir and pump assembly 
from the tractor. 
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Figure 38 
Power Steering Pump and Reservoir 


. Power Steering Reservoir 


Return Line 

Engine Oil Line (To Cooler) 
Pressure Line 

Mounting Bolts 

Power Steering Pump 
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Figure 39 
Power Steering Pump and Reservoir 
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1. Pump Flange 14. Pump Bolt 27. Relief Plug 

2. “O” Ring 15. Flow Control Plug 28. Seal 

3. Pump Gears 16. Seal (2) 29. Inner Seal 

4. Bearing/Bushing 17. Spring 30. Shim 

5. Vent Valve 18. Pump Spool 31. Outer Seal 

6. Seal 19. Spacer 32. Seal Ring 

7. Vent Spring 20. Pump Cover 33. Bearing/Bushing 
8. Cap (TW-30 Includes Dipstick) 21. Seal 34. Pump Body 

9. Retaining Ring 22. Cover Seal 35. Tab Washer 

10. Reservoir Bolt 23. Flow Control Plug 36. Main Drive Gear 
11. Seal Ring 24. Washer 37. ““O” Ring (Pump to Engine) 
12. Reservoir 25. Relief Valve 38. Circlip 

13. Filter 26. Spring 39. Gear Seal 


DISASSEMBLY INSPECTION AND REPAIR 


With reference to Figure 39. 1. Clean all parts in a suitable solvent and air 


1. 


Remove the reservoir retaining bolt and 
pull off the reservoir casing. Discard the 
large ‘‘O”’ ring seal and filter element. 


dry. Lightly oil machine surfaces. Keep 
disassembled parts in position to facilitate 
assembly. 


Inspect the bearing and _ bushing 


2. Straighten the tab on the lockwasher assemblies for signs of seizure or scoring 
locating the drive gear retaining nut. on the face of the bushings. Remove light 
scoring marks on the journals by lapping 
“ with “‘O”’ grade emery paper and paraffi 
3. Undo the nut and remove the washer. Use Ong Pea i - 
Puller, Tool No. 1002 or 9198, and Attach- 
ele Tool No. 951 or 9190 to withdraw the Examine the gear track in the pump body 
rive gear. for wear. If the track is deeper than 
0.0025 in (0.064 mm) on the inlet side, 
4. Withdraw the four through bolts and pump replace the pump body. 
cover. 
Examine the gear set for excessive wear or 
5. Extract the Woodruff key from the pump ae i eee gear bee ears 
shaft and remove the pump body. Sege., none Ow SeRcee v 
i ais (0.025 mm). Shaft journals can be polished 
lightly with ‘“‘O’’ grade emery paper to 
6. Withdraw the bearing/bushing assemblies remove wear marks. Gear faces may be 
and the gear set from the pump body as an polished by sandwiching the emery paper 
assembly. between the gear face and a scrap bearing 
block, then rotating the gear. When new 
7. Remove the pressure relief valve. gears are fitted, the journals on both sides 
of each gear must be within 0.001 in 
8. Remove the flow control valve. (0.025 ” elammere Hne Beatsvele 
supplied in matching sets. 
9. Remove the drive gear seal circlip and the Replace all seals and O-rings when 


drive gear seal from the pump flange. 
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servicing the pump. 
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RE-ASSEMBLY 


lg 


Insert a new drive shaft seal in the pump 
flange and replace the circlip. 


Install the pressure relief and flow control 
valves. Tighten the valve plugs to the 
specified torque, see Page 3, ‘Specifica- 
tions’ — Chapter 2. 


Assemble the gear set and the bearing 
assemblies and insert them in the pump 
body. 


Replace the inner and outer seals. 
Assemble the pump flange on the drive 
shaft and replace the Woodruff key. 


Replace the cover and pump bolt seals and 
install the pump cover with the four 
through bolts. Tighten the through bolts to 
the correct torque, see Page 3, ‘Specifica- 
tions’ — Chapter 2. 


At the drive end, install the drive gear, tab 
washer and nut. Tighten the nut to the 
correct torque, see Page 3, ‘Specifica- 
tions’ — Chapter 2. 


Bend the tab on the lockwasher to lock the 
nut. 


Install the filter, O-ring, reservoir, washer 
and reservoir bolt. Tighten the bolt until it 
engages the washer, then turn it an 
additional % to 1 turn. 


INSTALLATION 


1. 


Install the pump assembly in place and 
secure with the two bolts. Tighten the 
bolts to the correct torque, see Page 3, 
‘Specifications’ — Chapter 2. 


Attach the pressure and return hoses. 
Install the engine oil cooler line. 

Fill the reservoir with the correct grade of 
power steering oil, see Page 2, ‘Specifica- 


tions’ — Chapter 2. Start the engine and let 
it idle. 
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10. 


11. 


12. 


13. 


. Add oil to the reservoir as required. Do not 


let the oil level drop below the pump outlet. 


. With one finger on a spoke of the steering 


wheel, spin the wheel rapidly to bleed the 
air in the steering cylinders and lines. 


. As soon as the steering motor valve spool 


is actuated, oil must be added to the 
reservoir to replenish the oil flowing into 
the circuit. 


. Rotate the steering wheel to keep the valve 


spool actuated. Do this until the front 
wheels have reached the stop in one 
direction, then quickly reverse the steering 
wheel rotation to actuate the valve spool in 
the opposite direction. 


. Keep rotating the steering wheel left and 


right (from stop to stop) to bleed out the 
air, replenishing the oil as necessary. 


The air will bleed out only at the reservoir, 
therefore, the oil must be circulated in both 
directions repeatedly until the air has bled 
out. (The oil in the lines to the power 
cylinder reaches a ‘dead end’ at the piston. 
The oil in the cylinder does not flow in a 
circuit. As the piston moves back and 
forth, the oil moves back and forth in the 
lines. therefore, air in these lines and the 
cylinder may be slow in moving into the 
steering motor control valve and to the 
reservuir). 


Do not operate the vehicle until all the air is 
bled from the hydraulic steering system. 


When the oil in the reservoir is clean (not 
cloudy or creamy), the system is free of air. 
(A slight creep or drift of the steering wheel 
is normal). 


Add oil to the recommended level in the 
reservoir and assemble the reservoir cover. 


Check for leaks. 
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F. PRESSURE TESTING 


Two methods of connecting a pressure gauge 
in order to pressure test the pump are available 
as follows: 


Either 


1. Disconnect the pump to motor pressure 
tube and insert “T”’ fitting Tool No. 0838 
and reducer Tool No. 0724, Figure 40. 


2. Attach hose Tool No. FT.4100-1 or 7099 
and pressure gauge Tool No. FT.8503-A or 
2028 to the reducer. 


Or 


Using Power Steering Fitting Kit 2399, ‘’T”’ 
the pressure gauge into the pump to motor 
pressure tube at the elbow connection on 
the pump. 


Figure 40 


Hose, Tool No. FT.4100-1 or 7099 

Reducer, Tool No. 0724 

Pump to Motor Pressure Hose 

“T’’ Piece, Tool No. 0838 

Pressure Gauge, Tool No. FT.8503-A or 2028 


3. Start the engine. 


ae eS 


4. Turn the steering wheel and observe the 
pressure obtained when the steering 


reaches the steering stop on the axle. NOTE: For every 0.0068 in (0.77mm) increase 


in shim thickness the pressure relief valve 


IMPORTANT: Hold the steering wheel setting is increased by 70—80 Ibf/in* 
against the stop just long enough to obtainan [4.8 —5.5 bar) (4.9—5.6 kgf /cm?). 


accurate reading. 7. Install the pressure relief valve into the 


pump body and re-assemble the body to 


5. Compare the pressure gauge reading with the resenyoitand filter: 


the specified pump relief valve setting, see 
Page 2, ‘Specifications’ — Chapter 2. 
8. Install the pump assembly to the engine as 


6. If the setting is incorrect remove the relief described in power steering pump and 
valve and adjust the shims as follows: reservoir instalation procedure. 

(i) | Remove the pump assembly from the 9. Reconnect the pressure hoses and 

engine and drain the reservoir. pressure gauge in order to re-test the pump 


relief valve setting. 


(ii) Remove the reservoir and filter from 
the pump. 10. Re-test the pump relief valve pressure. 


(iii) Remove the plug, pressure adjusting 11 
shim (if any), spring and pressure 
relief valve from the pump body. 


. When the adjustment is correct remove 
the pressure test equipment and re- 
connect the pump pressure pipes. 


(iv) Add or remove shims until the 
specified pump relief valve setting is 12. Check the oil level in the reservoir and 
obtained. inspect for leaks. 
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PART 9 
STEERING SYSTEM 
Chapter 2 


TROUBLE SHOOTING, SPECIFICATIONS AND 
SPECIAL TOOLS 


Section Page 
A. TROUBLE SHOOTING 1 
B. SPECIFICATIONS 2 
C. SPECIAL TOOLS 3 


A. TROUBLE SHOOTING 


IMPORTANT: Whenever effecting a repair the reason for the cause of the problem must be 
investigated and corrected to avoid repeat failures. 


TROUBLE SHOOTING 


PROBLEM POSSIBLE CAUSES REMEDY 


Excessive steering . Pump relief valve faulty . Check system pressure 
effort . Worn pump . Inspect and repair 


. Worn or damaged motor . Inspect and replace 
and stator assembly 


Damaged valve spool . Install new steering motor 


. Jammed valve spool . Clean thoroughly. Install 
new steering motor if 
necessary 


. Worn or damaged bearings . Inspect steering column 
bearings. Inspect bearings 
and bearing surfaces in the 
steering motor. Install new 
bearings if necessary 


Front axle binding . Inspect and repair 


No steering/slow 1. Incorrect oil level in 1. Fill with correct grade 
steering response reservoir and quantity of oil 
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PROBLEM POSSIBLE CAUSES REMEDY 


1. Inspect spool for wear or 
damage. Install new 
assembly if necessary 


Steering wanders 1. Leakage past valve spool 


2. Inspect and install new 
seals particularly rotor seal 
and O-rings 


Damaged motor seals 


Leaking steering cylinder Inspect and repair 


Inspect vanes. Install 
new metering element if 
damaged 


Damaged or sticking vanes 
in motor 


Erratic steering 


Check for loose 
connections or damaged 
tubing. Purge air from 
system 


Excessive noise 1. Airin system 


2. Broken spool spring 2. Install new spring 


~ 


Wrap hydraulic lines with 
tape 


3. Hydraulic lines contacting 
tractor 


B. SPECIFICATIONS 


Power Steering Oil Ford M2C41-A 

Power Steering Oil Capacity 6.5 Imp pts 
7.8 U.S. pts 
3.7 litres 

Steering Wheel Turns (Lock to Lock) 3.9 turns 


Pump Relief Valve Setting 

TW-5, TW-15 and TW-25 1600 + 50 Ibf/in? 
110.3 + 3.4 bar 
112.5 + 3.5 kgf/cm? 


TW-35 2025 + 75 Ibf/in? 
139.6 +.5.2 bar 
142.4 + 5.3 Kgf/cm? 


Pump Gear Face Maximum Runout 0.001 in (0.0254 mm) 
Pump Gear Face Width Maximum Difference 0.001 in (0.0254 mm) 


Pump Relief Valve Shim Sizes 0.0068 in (0.173 mm) 
0.080 in (2.00 mm) 


Steering Motor Shim Sizes 0.0025 in (0.064 mm) 
0.005 in (0.127 mm) 
0.010 in (0.254 mm) 
0.030 in (0.762 mm) 
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TORQUE SPECIFICATIONS 


Steering Wheel Nut 
Steering Column Support Bracket Bolts me 
Steering Column Tilt Lever 4 
Steering Shaft to Flexible Coupling (Flange) Bolt 25 
Input Shaft to Flexible Coupling (Flange) Bolt 23 
Steering Motor Upper Cover Screws 20 
Steering Motor End Cover Bolts 20 
Steering Motor Hydraulic Hose Connections 24 
Steering Motor Return and Pressure Hose to Rigid Pipe 
Connections 32 
Right and Left Turn Flexible Hose to Rigid Pipe Connections 18 
Power Steering Cylinder Elbow Connections 16 
Steering Cylinder Ball Joint Adjuster Clamp Bolt: 
Cylinder to Anchor 48 
Piston Rod to Spindle Arm 20 
Steering Cylinder Ball Joint Nuts 178 


Steering Cylinder Anchor Bolts: 
High Clearance Axle (Both Bolts) 210 
Heavy Duty Axle (Nut and Bolt Fixing) 187 
(Bolt Fixing) 380 
Steering Cylinder Gland 200 
Pump Pressure Relief Valve Plug 35 
Pump Cover Through Bolt 26 
Pump Drive Gear Nut 35 


Pump to Front Cover Bolt 


C. SPECIAL TOOLS 


(Prior Tool Numbers, where applicable, shown in brackets) 


| V. L. CHURCHILL NUDAY 
DESCRIPTION TOOL NO. TOOL NO. 


Puller 1002 9198 
Puller 1003 
Puller Attachment 951 


9661 (T67P-3D 739- B) 
9662 (T67P-3D 739-C) 
2028 (D-22) 


Pin Extractor Remover 
Pin Extractor Handle 
Pressure Gauge 


FT.8503A 


“T” Adaptor — 0838 (D 8.1) 
Reducer — 0724 (D17) 
Hose FT.4100-1 7099 (D-19-HP) 


2399 


Power Steering Fitting Kit 
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FRONT WHEEL DRIVE TRANSFER BOX 
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Section Page 
A. TRANSFER BOX— DESCRIPTION AND OPERATION 1 
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OVERHAUL 4 
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OPERATION 1 
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Chapter 1 
TWO WHEEL DRIVE FRONT AXLE 


Section Page 
A. DESCRIPTION 1 
B. ADJUSTMENTS 4 
C. FRONT WHEEL SPINDLE —OVERHAUL 6 
D. FRONT AXLE — OVERHAUL 10 
E. FRONT AXLE SUPPORT — OVERHAUL 12 


A. DESCRIPTION 


The three part front axle is a rectangular box 
section which is mounted centrally to the front 
axle support bolted to the front of the engine 
cylinder block. The method of mounting the 
axle consists of two support pins located on 
the same axis. The rear support pin protrudes 
from the mid point of the rear extension of the 
centre axle and locates in a bushing at the rear 
of the engine front support. The front support 
pin protrudes from the centre section of the 
axle and locates into a bushing and support 
bracket which is bolted directly to the front 
support. 


The method of mounting restricts the axle 
assembly to a radial movement about the 
support pin axis which is limited by the front 
axle support. 


The outer axle sections consist of a single piece 
casting and are installed into the open ends of 
the centre axle assembly. 


The centre axle assembly and the outer axle 
sections are machined to provide a series of 
holes that will allow the track of the axle to be 
varied in 4 in (102 mm) steps. 
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Figure 1 
Front Axle Assembly 


. Hydrostatic Steering Motor 

. Left-Hand Steering Spindle Arm 
. Left-Hand Outer Axle Section 

. Steering Power Cylinder 

Centre Axle Assembly 

. Front Support Pin Bracket 

. Front Axle Support Housing 

. Track Rod 
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Three variations of front axle are available for 
installation on these tractors as follows: 


e The high clearance axle for installation on 
TW-5, TW-15 and TW-25 Tractors and 
provides a variable track setting of 60 in 
(1524 mm) to 84 in (2134 mm). 


e The heavy duty front axle with standard 
track setting for installation on TW-25 and 
TW-35 Tractors and provides a variable 
track setting of 60 in (1524 mm) to 84 in 
(2134 mm). 


e The heavy duty front axle with wide track 
setting for installation on TW-5, TW-15, 
TW-25 and TW-35 Tractors and provides a 
variable track setting of 72 in (1829 mm) to 
96 in (2438 mm). 


With reference to Figure 1. 


The spindle is located in the axle section by 
bushings and at the lower end a thrust washer 
is used to support the vertical thrust of the 
spindle on the axle section. The spindle acts as 
the king pin and the top of each wheel spindle 
is splined to accept and locate the spindle arm. 


The left-hand spindle arm is activated by the 
hydrostatic steering power cylinder and the 
movement is transmitted from the left-hand 
spindle to the right-hand spindle by means of a 
track rod, which is adjustable to suit various 
track settings. 


Figure 2 
Toe-in Alignment Marks 
1. Spindle Arm 
2. Outer Axle Section 
3. Alignment Marks 


Toe-in/Toe-out of the front wheels may be 
adjusted by setting the length of the track rod. 
The correct toe-in setting is made during 
production and the spindle arms and axle 
sections are marked to identify the correct 
position of the front wheels with the steering in 
the straight ahead position, Figure 2. 


The wheel hub is supported on the wheel 
spindle by two opposed taper roller bearings. A 
nut on the spindle is used to retain the outer 
cone and roller assembly and provide a means 
of adjustment for the bearing pre-load. A 
grease nipple located in the wheel hub 
assembly facilitates regular greasing of the 
wheel bearings. 
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Figure 3 
Toe-in/Toe-out Measurement 
A. Dimension Between Wheel Rim Marks 


TOE-IN MEASUREMENT 


If the toe-in alignment marks on the spindle 
arms and axle sections are not visible, or 
replacement parts have been installed, use the 
following procedure to determine the toe-in 
setting. 


1. On flat level ground drive the tractor in a 
straight line for at least 10 feet (3 metres). 
Stop the tractor and ensure the front 
wheels remain in the straight ahead 
position. 


2. Mark the inboard rim of each front wheel 
towards the front at wheel centre height. 


3. Measure and note the distance between 
the two marks, call this dimension A, 
Figure 3. 


4. Maintain the straight ahead position and 
move the tractor forward so the wheels 
rotate through 180° and the marks on the 
wheels face the rear at wheel centre 
height. 


B. ADJUSTMENTS 


Figure 4 
Right-Hand Axle Assembly 


1. Track Rod Clamp Bolt 
2. Outer Axle Retaining Bolts 


5. Again measure and note the distance 
between the two marks, call this 
dimension B. 


NOTE: /f dimension Ais larger, then A-B gives 
the toe-out. If dimension B is larger, then B-A 
gives the toe-in. 


To ensure accurate results, repeat the 
procedure three times with three different 
marks equally spaced around each wheel rim 
and determine the average dimension for toe- 
in/toe-out. This method minimises any 
inaccuracy due to wheel rim run-out. 


TOE-IN ADJUSTMENT 


1. Set the front wheels in the straight ahead 
position using the alignment marks on the 
spindle arms and axle sections. If these 
marks cannot be used, position the wheels 
as described in the measurement section. 


2. Remove the track rod clamp bolt from the 
right-hand end of the track rod, Figure 4. 


1. 


Figure 5 
Left-Hand Axle Assembly 
Outer Axle Retaining Bolts 
2. Track Rod Tube 
3. Track Rod Clamp Bolt 


Slacken the track rod clamp bolt on the 
left-hand end of the track rod, Figure 5. 


Turn the track rod tube to alter the length 
of the track until the toe-in marks on both 
the spindle arms and axle sections are 
aligned when the right-hand track clamp 
bolt is re-installed. 


NOTE: /f the alignment marks cannot be used, 
adjust the length of the track rod to obtain the 
correct toe-in, see Page 1, ‘Specifications’ — 
Chapter 4. 


5. Replace and tighten the track-rod clamp 


bolts to the correct torque, see ‘Specifica- 
tions’ — Chapter 4. 


Re-check the toe-in. 


If the alignment marks on the spindle arms 
and axle sections are missing, or out of 
alignment, lightly grind off this area and 
strike new marks. 
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FRONT TRACK ADJUSTMENT 


ie 


Wide Track Setting Axle 


With the tractor on firm level ground, apply 
the handbrake and chock the rear wheels. 
Use a suitable jack or hoist to raise the front 
wheels clear of the ground. 


Remove the steering cylinder anchor 
mounting bolts, and the right-hand track 
rod clamp bolt, Figure 5. 


Remove the bolts and nuts retaining the 
axle outer sections and move the axle 
sections to the required positions. Re- 
install the axle section retaining bolts and 
nuts in the appropriate holes as indicated in 
Figure 6 and the appropriate table below: 


High Clearance and Standard Track 
Setting Axles 


Axle Bolt 
Locations 


Axle Bolt 
Locations 
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Figure 6 
Track Width Adjustment Holes 


4. Tighten the retaining bolts and nuts to the 7. 


correct torque, see ‘Specifications’ — 
Chapter 4. 


5. Move the steering cylinder anchor the 
same number of holes as the left-hand axle 
section and secure with the mounting bolts 


tightened to the correct torque, see ‘Speci- 8. 


fications’ — Chapter 4. 


6. Position the front wheels straight ahead to 
align the toe-in marks on both the spindle 


arms and axle sections. 9, 


Replace the track rod clamp bolt in the 
nearest hole location, and tighten to the 
correct torque, see ‘Specifications’ — 
Chapter 4. 


Check, and if necessary adjust, the toe-in 
alignment, see ‘Toe-in Adjustment’. 


Remove the jack and wheel chocks. 


C. FRONT WHEEL SPINDLE —OVERHAUL 


NOTE: 7he complete overhaul procedure is 1. 


described. For overhaul of the wheel bearings 
only, follow Steps 1—9. 


For overhaul of the spindle bearings, proceed 2. 


from Step 10. 


With the tractor on firm and level ground 
apply the handbrake and chock the rear 
wheels. 


Slacken the front wheel retaining nuts by 
% turn. 


Figure 7 
Front Wheel Hub Assembly 
. Hub Retaining Washer 


. Hub Retaining Nut 
. Outer Bearing Cone and Roller 


. Using a suitable jack or hoist support the 
tractor with the front wheels clear of the 
ground. 


. Remove the wheel retaining nuts and 
remove the wheel and tyre assembly. 


. Unscrew the front hub grease retaining 
cap. 


.Remove the split pin locating the 
castellated nut. 


. Remove the castellated nut and washer, 
Figure 7. 


. Remove the front wheel hub assembly and 
the outer cone and roller assembly from the 
wheel spindle. 


. Remove the inner cone and roller assembly 
from the front wheel spindle. Remove the 
grease retainer. 


Figure 8 
Steering Spindle Thread Deformity Removal 


1. Small Hacksaw 

2. Spindle Arm 

3. Spindle Arm Retaining Nut 
4. Steering Spindle 


10. If damaged remove the mud shield. 


11. Withdraw the nut retaining the spindle 
arm. 


IMPORTANT: /t will be necessary to use a 
small hacksaw to remove the deformed 
sections of the spindle thread which act as a 
locking device on the nut, Figure 8. 


12. Remove the spindle arm and seal from the 
spindle. If the spindle arm is tight use 
Puller, Tool No. 1002 or 9198, Pulling 
Attachment Tool No. 951 or 9190 and 
Shaft Protector, Tool No. 625A or 9212 to 
effect removal, Figure 9. 


13. Extract the wheel spindle and spacer from 
the axle section, Figure 10. 
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Figure 9 
Spindle Arm Removal 


1. Tool No. 1002 or 9198 
2. Spindle Arm 

3. Tool No. 951 or 9190 
4. Tool No. 625A or 9212 


INSPECTION AND REPAIR 


Clean components with a suitable solvent 
and air dry. Lightly lubricate the machined 
surfaces. 


Inspect the roller bearing assemblies for 
signs of excessive wear or damage. Renew 
if necessary. Use Pulling Attachment, Tool 
No. 943 or 9507 and Slide Hammer, Tool 
No. 943S or 9567 to remove the bearing 
cups from the wheel hub. Use a soft metal 
drift to install new cups into the hub. 


NOTE: Ensure the new cups are seated 
correctly against the shoulders in the wheel 
hub. 


3. 


Inspect the spindle bushings in the axle 
housings for wear or scoring. If renewal is 
necessary, remove the axle outer section 
from the tractor. Use Bushing Kits, Tool 
No. 818 or 9514 and T.818 or 9515, to 
remove and renew the bushings. Take care 
not to damage the axle outer section bores. 


Figure 10 
Wheel Spindle Removal 


1. Spacer 


Inspect the wheel spindle bearing surfaces 
for scoring or excessive wear. 


RE-ASSEMBLY 


. If the outer axle sections have been 


removed from the centre axle re-assemble 
the outer axles and tighten the through 
bolts to the correct torque, see ‘Specifica- 
tions’ — Chapter 4 


. Install the spacer on the wheel spindle. 


. Install the wheel spindle into the outer axle 


section and ensure the spindle rotates 
freely in the bushes. 


. Position a new seal over the top of the 


wheel spindle. 


. Place the spindle arm on the spindle 


ensuring that the spindle and spindle arm 
master splines are correctly engaged. 
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Figure 11 
Inner Wheel Hub Bearing 


. Hub Grease Retainer 
2. Inner Bearing Cone and Roller 


. Install the spindle nut and tighten to the 


specified torque, see ‘Specifications’ — 
Chapter 4. Spot deform the protruding 
thread adjacent to the nut. 


. If removed install a new mud shield using a 


drill point to aid correct alignment. When 
correctly aligned retain the shield in 
position by punching both sides with a 
centre punch. 


. Install the wheel hub grease retainer on the 


wheel spindle, Figure 11. 


. Grease the spindle with a suitable grease, 


see ‘Specifications’ — Chapter 4. 


Install the front wheel inner bearing cone 
and roller assembly on the front wheel 
spindle, Figure 11. 


11. 


12. 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


20. 


21. 


23. 


Pack the wheel hub and bearings with 
grease and install the wheel hub on the 
front wheel spindle. 


Install the front wheel outer bearing cone 
and roller assembly on the front wheel 
spindle. 


Position the hub retaining washer on the 
wheel spindle and locate the tab with the 
key-way in the spindle. 


Install the wheel hub castellated nut and 
tighten to a torque of 20—30 Ibf.ft 
(27—41 Nm) (2.8—4.1 Mkgf). 


Rotate the hub clockwise 3—6 revolutions. 


Further tighten the retaining nut to a 
torque of 45—55 Ibf.ft (61— 75 Nm) (6—8 
Mkgf). 


Loosen the retaining nut by two flats. 


Tighten the nut, if necessary, to the 
nearest position to allow insertion of a new 
retaining split pin. 


Grease the bearings through the grease 
fitting with the specified grease, see 
‘Specifications’ — Chapter 4. Continue 
greasing until grease exudes from the 
grease retainer. 


Fill the hub cap with grease and install the 
hub cap. 


Install the wheel and tyre assembly on the 
hub and retain with the eight nuts. Tighten 
the nuts to the specified torque, see 
‘Specifications’ — Chapter 4. 


. Remove the jack or hoist and the rear 


wheel chocks. 


Check the toe-in measurement as detailed 
in Section B of this Chapter and adjust if 
necessary. 
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Figure 12 Figure 13 
Cylinder Rod End Removal Power Steering Cylinder Assembly Removal 
1. Spindle Arm 1. Track Rod Assembly 
2. Cylinder Rod End 2. Power Steering Cylinder 
3. Feed Pipe Support Bracket 
4. Anchor 
5. Front Axle Front Support 
6. Adjuster Bar 
DISASSEMBLY 6. Remove the bolts securing the steering 
cylinder anchor assembly to the adjuster 
1. Remove the front end weights. bar and carefully withdraw the steering 


cylinder assembly, anchor and feed pipe 
support bracket from the left-hand side of 


2. With the tractor on firm level ground the tractor, Figure 13. 


position the front wheels straight ahead, 
apply the handbrake and chock the rear 


wheels. 7. Disconnect and remove the track rod from 


the steering spindle arms. 


3. Raise the front of the tractor and position 
safety stands under the engine to hold the 
front wheels just clear of the ground. 8. Unbolt and remove the right and left-hand 
Remove the front wheels. outer axle assemblies from the centre axle. 


4. Disconnect the power steering cylinder 
hose assemblies at the connector plate 
located beneath, and attached to, the front 
axle main support. Cap the exposed ends. 


9. Support the centre axle at the centre of the 
adjuster bar. 


10. On Ford TW-5 and TW-15 tractors 


5. Remove the retaining nut and separate the withdraw the bolts securing the weight 
cylinder rod end assembly from the spindle carrier to the front support and remove the 
arm, Figure 12. carrier. 
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Figure 14 
Front Centre Axle and Pin Assembly Removal 


1. Hose Connector Plate 
2. Front Axle Main Support Assembly 
3. Front Centre Axle and Pin Assembly 


11. Remove the bolts securing the front 
support bracket to the main front support. 


12. Carefully remove the support bracket from 
the front centre axle support pin then 
withdraw the front centre axle from the 
main front support. Figure 14. Retain the 
two thrust washers on the front pin and 


single thrust washer on the rear pin. 


INSPECTION AND REPAIR 


1. Clean all parts with a suitable solvent and 
dry with a lint-free cloth. 


2. Inspect the front axle support pin bushings 
for excessive wear or damage. If necessary 
use Step Plate Adaptors, Tool No. 630S or 
9210, to remove and renew the bushings. 
Take care not to damage the housing 
bores. 
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3. Inspect the axle support pins for excessive 
wear or scoring. If the wear is excessive, or 
the pins are distorted, renew the centre 
axle assembly. 


4. Inspect the front axle support for signs of 
cracks, and tf necessary replace the 
support as detailed in Section E of this 
Chapter ‘Front Support Overhaul’. 


5. Inspect the thrust washers for excessive 
wear and replace if necessary. 


RE-ASSEMBLY 


Re-assembly follows the disassembly 
procedure in reverse. On re-assembly observe 
the following requirements: 


e Lubricate all bushings with a suitable 
grease, see ‘Specifications’ — Chapter 4 


e Tighten all bolts and nuts to the correct 
torque, see ‘Specifications’ — Chapter 4. 


e Install new dust seals on the connecting 
rod and track rod ends. 


e Check, and if necessary, adjust the toe-in 
setting. 
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E. FRONT AXLE SUPPORT — OVERHAUL 
DISASSEMBLY 


Ford TW-5 and TW-15 


1. Disconnect the battery. 


2. Remove the front end weights. 


3. Remove the pre-cleaner, side panels top 
hood panel, radiator grille and panels, 
Figure 15. 


4. Remove the air cleaner. 
Figure 15 
Engine Access— TW-5 and TW-15 
. Pre-Cleaner 
. Hood Panel 
Grille 
. Grille Side Panel 
. Side Panel 
Fuel Cap 
. Radiator Cap 


5. Disconnect the wiring harness from the 
front lights and horn. 
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6. Remove the radiator assembly as detailed 
in Part 1, Chapter 4, Section B radiator 


removal. 
5. Shut off the fuel at the main tank and 
IMPORTANT: Where the vehicle is installed remove the hose. Drain the fuel from the 
with air conditioning refer to Part 13, Chapter 1 tank. 


for discharging and evacuating the system. 


6. Withdraw the bolts securing the main fuel 
tank. | 
Ford TW-25 and TW-35 


1. Disconnect the battery. 
7. Remove the fuel tank. 


2. Remove the front end weights. 


8. Remove the radiator assembly as detailed 
in Part 1, Chapter 4, Section B radiator 
3. Remove the side panels, top hood panel removal. 
and radiator grille. 


IMPORTANT: Where the vehicle is installed 
4. Disconnect the wiring harness from the with air conditioning refer to Part 13, Chapter 7 
front lights and horn. for discharging and evacuating the system. 
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Figure 16 
Fuel tank Support Assembly TW-25 and TW-35 


1. Fuel Tank Support 
2. Fuel Tank Support to Front Axle Support Bolts 


9, Support the fuel tank support assembly. 


10. Remove the bolts securing the fuel tank 
support assembly to the main front axle 
support, Figure 16. Withdraw the 
assembly from the front of the vehicle. 


All Models: 


1. With the tractor on firm level ground 
position the front wheels straight ahead, 
apply the handbrake and chock the rear 
wheels. 


2. Raise the front of the tractor and position 
safety stands under the engine to hold the 
front wheels just clear of the ground. 


3. Disconnect the power steering cylinder 
hose assemblies at the connector plate 
located beneath, and attached to, the front 
axle main support. Cap the exposed ends. 


4. Disconnect the connector plate from the 
front support. 


5. Support the front axle assembly with a 
chain hoist. 
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8. 


9. 


10. 


11. 


Figure 17 
Front Axle Support Bracket 


1. Font Axle Support Bracket 
2. Front Axle Support Bracket Bolts (Upper) 
3. Front Axle Support Bracket Bolts (Lower) 


. Remove all bolts securing the front support 
bracket to the main front support, 


Figure 17. 


. Carefully remove the support bracket from 
the front centre axle support pin then 
withdraw the axle assembly from the main 
front support. Retain the two thrust 
washers on the front pin and single thrust 
washer on the rear pin. 


Support the weight of the front axle 
support. 


Withdraw the frame side member to front 
axle support bolts, Figure 18. 


Remove the front axle support to oil pan 
bolts and front axle support to engine 
bolts, Figure 18. Withdraw the support 
from the vehicle. 


Retrieve the shims located between the 
front axle support and engine assembly. 
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Figure 18 
Front Axle Support 


1. Front Axle Support to Oil Pan Bolts 

2. Engine to Front Axle Support Bolts (Not 
Visible) 

3. Side Frame to Front Axle Support Bolts 


RE-ASSEMBLY 


Re-assembly follows the disassembly 
procedure in reverse. On re-assembly observe 
the following requirements. 


e Install shims between the front axle 
support and engine oil pan as described 
below: 


Shimming Procedure: 


(i) Tighten the front axle support to 
engine and oil pan bolts to 200 Ibf.ft 
(271 Nm) (28 Mkg). 


(ii) Using a feeler gauge, determine the 
gap between the front axle support 
and the oil pan. 
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Figure 19 
Front Axle Support Shimming 


1. Front Axle Support 
2. Shims 
3. Engine Oil Pan 


(iii) Remove the support to oil pan bolts 
and install shims equal in thickness to 
the width of the gap, Figure 19. Install 
the bolts and tighten to the correct 
torque, see ‘Specifications’ — 
Chapter 4. 


e Lubricate all bushings with a suitable 
grease. See ‘Specifications’ — Chapter 4. 


e Tighten all bolts and nuts to the correct 
torque, see ‘Specifications’ — Chapter 4. 


e Where air conditioning is_ installed 
evacuate the system as detailed in Part 13, 
Chapter 1, ‘Air Conditioning Systems’. 
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Chapter 2 
FRONT WHEEL DRIVE TRANSFER BOX 


Section Page 
A. (TRANSFER BOX — DESCRIPTION AND OPERATION 1 
B. TRANSFER BOX WITH TRANSMISSION HANDBRAKE — 
OVERHAUL 4 
C. TRANSFER BOX LESS TRANSMISSION HANDBRAKE — 
OVERHAUL 15 


A. TRANSFER BOX — DESCRIPTION AND OPERATION 


The front wheel drive on Ford TW-5, TW-15, 
TW-25 and TW-35 tractors is taken via a 
transfer box centrally located at the base of the 
rear transmission housing, then via a multi- 
plate clutch to a drive shaft and centre- 
mounted differential on the front axle 
assembly. The drive is then transmitted to the 
front drive wheels by axle hubs _ each 
containing a planetary reduction gear. The 
front wheel drive transfer box contains an idler 
gear, optional parking brake and multi-plate 
front wheel drive engagement clutch, Figure 1. 
A drive gear is mounted on the rear axle 
differential pinion shaft and meshes with the 
idler gear to transmit drive to the multi-plate 
clutch assembly. 


The multi-plate clutch consists of an outer 
housing containing drive plates externally 
splined to the housing and driven plates 
internally splined to the output shaft. The 
clutch housing is splined to an actuating 
cylinder and piston assembly mounted on the 
output shaft and is free to rotate when the 
clutch plates are disengaged. 


The clutch operating piston acts against a 
spring plate which forces the clutch plates 
together to engage the clutch when there is no 
pressurised oil acting on the piston. With 
pressurised oil acting on the piston, the piston 
is forced rearwards against the action of the 
spring washer which releases the clutch plates 
and disengages the drive to the front axle, 
Figures 2 and 3. 


The oil supply to the piston is controlled by a 
solenoid operated valve located in the transfer 
box casing. The solenoid is energised by an 
electrical circuit controlled by a switch 
mounted on the’ instrument console. 
Energising the solenoid opens the control valve 
allowing oil to pass through drillings in the 
output shaft to the clutch piston, forcing the 
piston rearwards and disengaging the clutch. 
Opening the switch de-energises the solenoid 
allowing the control valve to close under spring 
action. The oil acting on the piston is allowed 
to dump with the spring plate forcing the 
piston forwards compressing the clutch plates 
and engaging the clutch. 
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Figure 1 

Front Wheel Drive Transfer Box 
1. Clutch Actuating Cylinder Housing 6. Solenoid Cover Plate 
2. Multi-Plate Clutch 7. Electrical Tube and Wire Assembly 
3. Output Shaft 8. Oil Supply Connection 
4. Driven Gear 9. Drive Gear 
5. Parking Brake 10. Rear Axle Pinion 

11. Idler Gear 
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Figure 2 
Transfer Box with Transmission Handbrake — Clutch Disengaged 


[ene] Pressurised Oil 


1. Transmission Handbrake Assembly 5. Piston 9. Output Shaft 
2. Oil Drilling 6. Plunger 10. Oil Seal 
3. Rear Bearing 7. Multi-Plate Clutch 11. End Cap 
4. Spring Plate 8. Front Bearing 12. Driven Gear 


13. Idler Gear 
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Figure 3 
Transfer Box with Transmission Handbrake — Clutch Engaged 
Return Oil 
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The transmission handbrake where installed is 
located on the rear of the output shaft. The 
brake actuator assembly consists of two plates 
with ramped pockets in which steel balls are 
located. The plates are held together by 
springs and activated by the brake operating 
lever. When the brake operating lever is pulled 
up to the ‘ON’ position the cable pulls up the 
lever located on the side of the transfer box. 


This action causes the actuator discs to rotate 
relative to one another forcing the steel balls to 
ride up the ramped pockets and push the 
actuator plates apart. The actuators force the 
brake discs against the transfer box housing 
locking the transmission. 


The drive from the transfer box is transmitted 
by a drive shaft that passes along the tractor 
centre line under the transmission and engine 
oil pan to the centre mounted front axle 
differential. 


B. TRANSFER BOX WITH TRANSMISSION HANDBRAKE — OVERHAUL 


REMOVAL 


1. Park the tractor on a hard level surface and 
block the wheels. 


2. Remove the rear axle/transmission drain 
plug from the transfer box casing, and 
allow the oil to drain into a suitable 
container. Replace the drain plug. 


3. Remove the solenoid cover plate, located 


on the right hand side of the transfer box, © 


and disconnect the wire from the solenoid. 
Remove the wire protecting tube from the 
transfer box and withdraw the wire. 


4. Disconnect the oil supply tube from the 
transfer box fitting and remove the drive 
shaft guard. 


5. Support the transfer box with a suitable 
jack and remove the transfer box securing 
bolts. Lower the transfer box away from 
the rear axle centre housing. Draw the 
transfer box rearwards to disconnect the 
splined transfer box output shaft from the 
drive shaft. 


DISASSEMBLY 


1. Using a suitable punch drive the roll pin 
into the centre of the idler gear shaft and 
push out the shaft, Figure 4. Lift out the 
idler gear together with the two plastic 
thrust washers and slide out the two 
needle bearings located in the gear, Figure 
5. 


Figure 4 
Idler Gear Installation 
Plastic Thrust Washer 
Shaft 
Idler Gear 
Plastic Thrust Washer 
Roll Pin 
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Figure 5 
Idler Gear Components 


1. Plastic Thrust Washer 4. Needle Bearing 

2. Shaft: 5. Needle Bearing 

3. Roll Pin 6. Plastic Thrust Washer 
7. Idler Gear 


3. Withdraw the output shaft and clutch 
assembly from the transfer box casing, 


Figure 7. 


2. Stand the transfer box on end, withdraw 
the end cap retaining bolts and remove the 


cap, Figure 6. 


Figure 6 Figure 7 
Transfer Box End Cap | Output Shaft and Clutch Assembly 
1. End Cap 3. Transfer Box Casing 1. Actuating Cylinder and Clutch Assembly 


2. Retaining Bolt 4. Output Shaft 2. Output Shaft 
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Figure 8 Figure 9 
Handbrake Installation Handbrake Retaining Disc — Removal 
1. Socket Headed Securing Bolts 1. Slide Hammer, Tool No. 943S or 9567 
2. Handbrake Retaining Disc 2. Puller, Tool No. 943 or 9507 
3. Torque Pin 3. Handbrake Retaining Disc 
4. Circlip 
4. Remove the socket headed bolts securing 9. Secure the output shaft and clutch 
the handbrake retaining disc to the transfer assembly in a vice and using a suitable 
box casing, Figure 8. punch straighten the locking portion of 
thread on the clutch actuating cylinder 
housing nut. 


5. Remove the circlip securing the brake 
torque pin to the handbrake retaining disc, 
Figure 8. 


6. Using Puller Tool No. 943 or 9507 and Slide 
Hammer Tool no. 9438S or 9567 pull the 
handbrake retaining disc from the locating 
dowels in the transfer box casing, Figure 9. 


7. Remove the circlip and shim washer 
securing the brake lever and_ shaft 
assembly, withdraw the shaft from the 
casing. Retrieve the spring and brake lever 
from within the transfer box casing, Figure 
10. 


Figure 10 
Brake Linkage Installation 
1. Circlip 
8. Remove the brake discs and actuator 2. Spring 
assembly. 3. Brake Lever 


4. Shim Washer 
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Figure 11 Figure 12 


Removing Actuating Cylinder Housing Nut Rear Bearing Removal 
1. Nut Wrench, Tool No. FT.3152 or 0564 1. Bearing 
2. Spring Plate 2. Splined Spacer 
3. Actuating Cylinder Housing Nut 3. Press Support Plate 
4. Clutch and Actuating Cylinder Housing 4. Clutch and Actuating Cylinder Housing 
5. Shaft Protector, Tool No. 625A or 9212 
10. Using Nut Wrench Tool No. FT.3152 or 15. The clutch housing is retained to the 
0564 remove the nut from the clutch actuating cylinder housing by a retaining 
actuating cylinder housing and remove the ring. The retaining ring is compressed by 
spring plate, Figure 11. pressing seven suitable sized wedges into 
the access apertures located inside the 
11. Remove the retaining ring from the front of clutch housing, Figure 13. The retaining 
the clutch housing, and withdraw the ring should only be removed where 
return plate, clutch plates and clutch replacement of either housing is required. 
pressure plate from within the clutch 


housing. 


12. Position the output shaft and clutch 
housing assembly onto a suitable press 
and protecting the end of the shaft with 
Shaft Protector, Tool No. 625A or 9212, 
press the rear bearing from the shaft, 
Figure 12. 


NOTE: Ensure that the press support plates 
are positioned sufficiently apart to prevent 
contact with the output shaft whilst removing 
the bearing. 


13. Withdraw the splined spacer and clutch 
and actuating cylinder housings from the 
output shaft. 


Figure 13 
Piston Plunger Installation 


: : ; : ; 1. Clutch Housing 
cylinder housing by applying light finger 2. Piston Plungers 
ressure to the piston plungers, Figure 13. 3. Retaining Ring Access Apartures 


14. Press the piston from the actuating 
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Figure 14 
Solenoid Installation 


1. Solenoid 
2. Securing Bolts 


16. Remove the solenoid socket headed 
securing bolts and withdraw the solenoid 
and control valve assembly, Figure 14. 


INSPECTION AND REPAIR 


1. Inspect the mesh filters on the end of the 
control valve for contamination and clean 
as necessary using a suitable solvent, 
Figure 15. 


NOTE: Do not immerse the solenoid in 
cleaning fluid or dry the filters using 
compressed air. lf cleaning of the filters does 
not rectify a failure to disengage front wheel 
drive the control valve assembly should be 
replaced. This operation may be conducted 
with the transfer box in situ whilst ensuring the 
engine is turned off and the transmission oil is 
cold. Use a small bung to prevent oil seepage 
from the transfer box. 


2. Wash all remaining components in a 
suitable solvent and dry using compressed 
air. 
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Figure 15 
Solenoid and Control Valve 
Solenoid 
. Mesh Filter 
. Mesh Filter 
. ‘O’ Ring Seals 


Replace the end cap oil seal and sealing 
ring. 


Inspect the output shaft, sealing rings and 
front bearing for wear or damage and 
replace as necessary, Figure 16. The front 
bearing can be removed using Pulling 
Attachment Tool No. 952 or 9526 and a 
press. Press on a new bearing using a 
sleeve of suitable diameter. Ensure that the 
oil ways in the shaft are not blocked or 
restricted. 


Examine the clutch and actuating cylinder 
housing components for wear or damage, 
Figure 17. The clutch plates must be free 
from wear, scoring, distortion or damaged 
teeth. Worn or damaged plates must be 
replaced as a set. Check the oil seals on the 
plungers and piston for wear and replace if 
necessary. The bushings in the cylinder 
housing are not replaceable and if worn the 
housing must be replaced. Check the 
housing gear teeth for wear or damage. 
Ensure the oil drillings in the hub are not 
blocked or restricted. 


1. Sealing Rings 
2. Oil Way 
3. Oil Way 
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Spring Plate 

Housing Nut 

Piston 

Piston Plungers 
Retaining Ring 

Clutch Plates 
Externally Splined Plate 


Figure 16 
Output Shaft 


4. Output Shaft 
5. Bearing Cup 
6. Front Bearing 


Figure 17 
Clutch and Actuating Cylind 


8. 
9. 
10. 
11. 
12. 


13. 


er Components 


Clutch Housing 

Retaining Ring 

Return Plate 

Internally Splined Plate 
Pressure Plate 

Actuating Cylinder Housing 


Figure 18 
Transmission Handbake Components 
4. Internally Splined Discs 


1. Stationary Discs 
2. Internally Splined Discs 
3. Stationary Discs 


6. 


Check the brake discs for wear, scoring or 
distortion, Figure 18. Worn or damaged 
plates must be replaced as a set. To 
separate the brake actuator the return 
springs must be removed and the two 
halves opened out to reveal the operating 
balls located in the ramped pockets. 
Inspect the balls for damage and replace 
the actuator assembly if necessary. 
Inspect the splined spacer for damage and 
replace if necessary. 


Inspect the output shaft rear bearing cup 
for wear or damage and replace if 
necessary. 


Inspect the idler gear for wear or damage 
and replace if necessary. Replace the 
thrust washers and gear bearings if worn or 
damaged. 


Clean the transfer box housing and check 
for cracks or damage. 
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5. Brake Actuator 


RE-ASSEMBLY 


1 


Where the clutch and actuating cylinder 
housings have been separated, position 
the retaining ring in the groove on the 
actuating cylinder housing. Holding the 
ring in the groove assemble the housings. 
Check that the retaining ring secures the 
two components together. 


Assemble the clutch actuating piston and 
plungers into the actuating cylinder 
ensuring that the ends of the plungers 
locate in the peripheral groove of the 
piston, Figure 19. 


Slide the clutch and actuating cylinder 
housings over the output shaft and 
assemble the pressure plate, clutch plates 
and return plate as shown in Figure 17. 
Position the retaining ring in the groove on 
the clutch housing. 
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Figure 19 Figure 20 


Installing Clutch Actuating Piston Installing Rear Bearing 
1. Clutch and Actuating Cylinder Housing 1. Sleeve 
2. Plunger 2. Splined Spacer 
3. Groove 3. Clutch Housing 
4. Piston 4. Output Shaft 
5. Bearing 
6. Press 


4. Install the splined spacer onto the output 
shaft and using a press and suitable sleeve 
install the rear bearing, Figure 20. 


5. Install the spring plate over the actuating 
cylinder piston and loosely hold in position 
with the clutch actuating cylinder housing 
nut. : 


6. Using a straight edge align the splines on 
the spacer and clutch actuating cylinder 
housing. Figure 21. Tighten the housing Figure 21 
nut using Nut Wrench, Tool No. FT.3152 1. Straight E Pd Alignment 
or 0564. Recheck that the splines have 2. Splined Spacer 


remained in line whilst tightening the nut. 3. Actuating Cylinder Housing Splines 
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Figure 22 
Measuring Clutch Plate Clearance 
Sleeve | 
. Dial Indicator Gauge 
. Clutch Housing 
. Return Plate 
Press 


Position the output shaft and clutch 
assembly onto a press and using a suitable 
sized sleeve to fit over the clutch return 
plate, compress the clutch plates against 
the actuating cylinder piston. Measure the 
deflection of the return plate using a dial 
indicator guage as shown in Figure 22. If 
the deflection is outside the specified 
clutch plate clearance, see Page 5, ‘Speci- 
fications’ — Chapter 4, adjust the 
clearance by tightening or loosening the 
actuating cylinder housing nut. Deform 
the thread of the nut to prevent further 
rotation. 


. Install the brake torque pin into the transfer 


box housing. 


. Locate the Brake Disc Spline Alignment 


Tool, Tool No. FT.3150 or 0562 in the 
transfer box spigot as shown in Figure 23. 


Carefully install the brake plates and 
actuator assembly, in the reverse order of 
removal, over the Spline Aligner. Install 
the lever to connect with the actuator link. 
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Figure 23 
Brake Disc Aligner 


1. Spline Aligner, Tool No. FT.3150 or 0562 
2. Torque Pin 


11. 


12. 


13. 


14. 


Position the spring and lever so that when 
the splined brake lever and shaft assembly 
is installed the lever assumes a relating 
position of 49° as shown in Figure 24. 


Install the shim washer and circlip to secure 
the brake lever and shaft assembly, Figure 
25. Shim washers must be selected to 
ensure zero shaft end play. 


Install the handbrake retaining disc and 
tighten the socket headed bolts to the 
correct torque, see ‘Specifications’ — 
Chapter 4. Install the torque pin circlip. 


Attach the Handbrake Actuator, Tool No. 
FT.3151 or 0563 to the transfer box casing, 
Figure 26. Tighten the actuating nut on the 
tool sufficiently to apply the handbrake 
whilst also allowing removal of the brake 
disc spline aligner. 


Remove the spline aligner. and install the 
output shaft and clutch assembly. 
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Figure 24 
Brake Actuating Mechanism 
1. Spring 4. Clevis Pin 7. Brake Retaining Disc Dowel 
2. Brake Lever and Shaft Assembly 5. Actuator Assembly 8. Lever 
3. Link 6. Torque Pin 


Figure 25 Figure 26 
Brake Lever Assembly Installed Handbrake Actuator Tool 
1. Seal 1. Handbrake Actuator, Tool No. FT.3151 or 0563 
2. Brake Lever and Shaft Assembly 2. Brake Lever and Shaft Assembly 


3. Shim Washer 
4. Retaining Ring 
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Figure 27 
End Cap Free Play Measurement 


1. End Cap Flange 
2. Feeler Gauge 


15. Install the transfer box end cap and tighten 
the retaining bolts to the correct torque, 
see ‘Specifications’ — Chapter 4. 


NOTE: /f the output shaft, bearings, end cap 
or transfer box housing have been replaced the 
output shaft end float must be adjusted as 
follows: 


(i) Install the original thickness of shims plus 
additional shims beneath the _ front 
bearing cup located in the end cap. 


(ii) Install the end cap and finger tighten the 
end cap retaining bolts. 


(iii) Use a feeler gauge to measure the gaps 
between the end cap flange and transfer 
box housing, Figure 27. Average the 
measurement. 


(iv) Add or delete shim washers as necessary 
to obtain an end float of 0.007 in (0.02 
mm] to 0.003 in (0.075 mm). 
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16. Insert the idler gear shaft through one lug 


17. 


of the transfer box casing. Position the 
plastic thrust washers , gear and bearings 
onto the shaft and secure the shaft with the 
roll pin. 


Install the solenoid and control valve 
assembly into the transfer box casing. 


INSTALLATION 


Slide the transfer box output shaft onto the 
drive shaft and lift the transfer box up onto 
the base of the rear axle centre housing. 


Ensure the dowels locate in the holes in the 
rear axle and install the securing bolts. 
Tighten the bolts to the specified torque, 
see ‘Specifications’ — Chapter 4. 


Reconnect the oil supply tube to the 
transfer box fitting. 


Reconnect the wire to the solenoid and 
install the protection tube to the transfer 
box casing. Install the solenoid cover plate 
and re-install the drive shaft guard. 


Adjust the transmission handbrake as 
follows: 


(i) Position the handbrake operating 
lever beside the drivers seat in the 
“OFF” position. 


(ii) Push the transfer box brake lever 
upwards until insurmoutable resist- 
ance is noticeable. Adjust the 
hexagon head of the handbrake cable 
adjuster until the clevis can be 
attached to the lever, Figure 28. 
Ensure the lever remains in the 
upward position. 
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(iii) Turn the hexagon head of the cable 
adjuster downwards for _ five 
revolutions in order to lower the lever 
and provide the specified clearance of 
the brake discs. 


(iv) Tighten the check nuts. 


Figure 28 
Transmission Handbrake Adjustment 
1. Transfer Box Brake Lever 


2. Clevis 
6. Refill the rear axle with the specified oil, see 3. Check Nuts 
‘Specifications’ — Chapter 4. 4. Cable Adjusting Nut 


C. TRANSFER BOX LESS TRANSMISSION HANDBRAKE — OVERHAUL 


1. Overhaul of the transfer box less brake, -—Section B, of this Chapter. 
transmission handbrake follows a similar Disregard all reference to transmission 
procedure to that described for overhaul of handbrake components. 


the transfer box with transmission hand- 
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Chapter 3 
FRONT WHEEL DRIVE AXLE ASSEMBLY 
—-FORD TW5 AND TW15 WITH APL 345 TYPE AXLE 


Section Page 
A. FRONT WHEEL DRIVE AXLE— DESCRIPTION AND 
OPERATION 1 
B. FRONT WHEEL DRIVE AXLE— OVERHAUL 3 
FRONT WHEEL DRIVE AXLE INTEGRAL STEERING 
CYLINDER — OVERHAUL 19 


A. FRONT WHEEL DRIVE AXLE-— DESCRIPTION AND OPERATION 


The front wheel drive axle contains the 
centrally located differential mounted in the 
cast steel axle casings. The differential is 
driven from the transfer box by the drive 
shaft. The axle is pivoted about the centre to 
permit articulation while the unit is traversing 
rough terrain. 


The axle hubs each contain a planetary 
reduction gear set. Each hub is mounted on a 
steering knuckle connected to the axle by a 
pair of swivel pins. 


A self-locking, limited slip differential is 
installed and consists of a multi-disc clutch 
mounted on each axially moveable side. 


The limited slip differential operates as 
follows: 


When one wheel starts to spin on a slippery 
surface, the torque reaction on the differen- 
tial exerts an outward axial force through the 
side gears to pressurise the clutch plates. 
Since the outer plates are locked to the 
differential case and the inner plates are 
splined to the side gears, relative rotation of 
the axle shafts is rendered increasingly 
difficult as the input torque increases. The 
self-locking effect is fully automatic and 
requires no action on the part of the driver. 


The axle planetary reduction gears, the 
swivel bearings, axle shafts and differential 
can be removed from the casing with the axle 
remaining secured to the Tractor. 
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. Differential Pinion 

. Differential Pinion Bearings 
. Drive Shaft Flange 

. Differential Bearings 

. Steering Track Rod 

. Axle Shaft Universal Joints 
. Hub Flange 


Sun Gear 


. Planet Gear 


Figure 1 
Front Wheel Drive Axle Assembly 
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. Ring Gear 

. Hub Bearings 

. Swivel Bearings 

. Swivel Pin 

. Swivel Casing 

. Pivot Pin 

. Axle Casing Securing Bolts 
. Power Steering Cylinder 
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The front wheel drive axle fitted to the Ford 
TW-5, TW-15, TW-25 and TW-35 Tractors 
incorporates a power steering cylinder in the 
axle casing which is activated by the hydro- 
static steering system installed on these 
tractors. 


The steering cylinder incorporated on the axle 
of these Tractors contains a double sided 
piston of equal area with a single rod passing 
through each end of the cylinder assembly. 
Track rods connect the axle steering arms to 
ball joints located on the ends of the cylinder 
rod. 


B. FRONT WHEEL DRIVE AXLE — OVERHAUL 


PLANETARY REDUCTION GEAR 
ASSEMBLY AND WHEELHUB BEARINGS 


REMOVAL 


ie 


Position the unit on a hard level surface and 
block the rear wheels. Jack up the front 
axle and securely support the front of the 
tractor. Remove the front wheel. 


Turn the hub so that the drain plug is at the 
lowest position. Remove the plug and 
allow the oil to drain into a suitable 
receptacle. 


3. Remove the two socket-headed securing 
screws, Figure 2, and insert two levers into 
the slots. Lever the cover assembly away 
from the hub ensuring that the machined 
surfaces are not damaged. Remove the 
cover assembly. 


4. Ford TW-5, TW-15 and TW-25. 
Remove the circlip and washer from the 
axle shaft, Figure 3, and remove the ring 
gear support securing bolts. 


Ford TW-35. 

Remove the circlip and washer from the 
axle shaft and using Hub Nut Socket, Tool 
No. FT.3154 or 0568, remove the nut 
securing the ring gear to the swivel casing. 
Pull the ring gear support from the casing 
taking care to retrieve the hub nut thrust 
washer. 


Figure 2 
Axle Hub 


1. Cover Securing Screw 
2. Cover Assembly 
3. Cover Securing Screw 
4. Lever Slots’ - 


Figure 3 
Ring Gear Installation 
Circlip 
Washer 
. Ring Gear 
. Axle Shaft 
. Ring Gear Support Securing Bolts 
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Figure 4 
Hub Installation 


Hub 

. “O" Ring Seal 

. Hub Outer Bearing 

. Ring Gear Support Locating Roll Pins 
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5. Ford TW-5, TW-15 and TW-25. 
Pull off the ring support, using Puller Tool 
No. 1003 or 9516, from the locating roll 
pins. 


NOTE: The centre screw of the puller must not 
act on the end of the axle shaft/sun gear. Insert 
three long bolts into the support retaining bolt 
holes and locate a Step Plate, Tool No. 630S or 
9210, on the heads of the bolts. The puller 
centre screw must act on the step plate. 


6. The ring gear support also retains the hub 
bearings in position. With the ring gear 
support removed, Figure 4, the hub can be 
pulled off, again supporting the puller 
centre screw on a step plate supported by 
bolts. 


DISASSEMBLY 
1. Both hub bearings are removed with the 
hub. The hub inner bearing is encased in 


the hub by the hub oil seal, Figure 5. 


NOTE: The oil seal will be damaged during hub 
removal and must be replaced. 


Figure 5 
Hub Inner Bearing Installation 


1. Hub Inner Bearing 
2. Oil Seal 
3. Hub 


2. Using a suitable press and step plate 
remove the hub inner bearing and oil seal 
from within the hub. 


3. Remove the circlip retaining the planetary 
gear bearings in position, Figure 6 and 
withdraw the gears and bearings. A thrust 
washer is located in the centre of the cover. 


INSPECTION AND REPAIR 


1. Wash all components in a suitable solvent 
and dry. Inspect all items for wear, damage 
and cracks. 


2. Inspect the hub bearings for wear and 
replace if necessary. 


3. Inspect the hub bearing tracks for wear, 
Figure 7. Replace if necessary. 


4. Inspect the planet gear bearings for wear 
and replace if necessary. The planet gear 
bearings are retained in the gears with 
circlips, remove the circlips and slide out 
the bearings. 
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Figure 6 
Planet Gear Installation 


. Planet Gear 

. Bearing Retaining Circlip 
. Planet Gear Bearing 

. Thrust Washer 


Inspect the gear teeth for damage. The sun 
gear is formed on the end of the axle shaft 
and if this requires replacement the shaft 
must be removed from the axle — refer to 
“Axle Shaft Removal’’. 


RE-ASSEMBLY 


1. 


Re-assemble the planetary gears following 
the disassembly procedure in _ reverse. 
Ensure that the planet gears are installed 
onto the shafts with the radius on the inner 
bore adjacent to the hub cover. 


Using hot oil or hot air blower heat the 
inner hub bearing to 100°C. Position the 
heated bearing into the hub and retain in 
position with a new oil seal. Install the hub 
assembly onto the swivel casing while the 
bearing is still hot. 


Heat the hub outer bearing to 100°C and 
install onto the swivel casing. 


Figure 7 
Hub Bearing Track Installation 


1. Hub 
2. Bearing Tracks 


INSTALLATION 


Ford TW-5, TW-15 and TW-25. 

Install the ring gear support onto the swivel 
casing. Tighten the securing bolts evenly 
to the specified torque, see ‘Specifica- 
tions’ — Chapter 4. 


Ford TW-35. 

Install the ring gear support onto the swivel 
casing splines and secure in position with 
the thrust washer and hub nut. Tighten the 
nut to the specified torque, see ‘Specifica- 
tions’ — Chapter 4. Using a spring balance 
and length of cord wrapped around the 
wheel studs check the hub bearing rolling 
resistance and compare with the specified 
value, see ‘Specifications’ — Chapter 4. 
The cord must be in line with two studs and 
the reading taken while slowly turning the 
hub. If necessary adjust the rolling 
resistance by varying the thicknesses of 
thrust washer installed behind the hub nut. 
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Figure 8 Figure 9 
Measuring Axle Shaft End Float Hub Assembly 
1. Circlip 
2. Washer 
3. Axle Shaft 


2. Install the washer and circlip onto the end 
of the axle shaft. 


NOTE: 7wo washers are installed on the Ford 
TW-35. 


3. The thrust washer located in the centre of 
the planetary hub cover is supplied in 
various thicknesses and controls the axle 
shaft end float. Calculate the correct thick- 
ness of washer as follows: 


(i) With a thrust washer in the end cover 
and using a straight edge and depth 
gauge measure the dimension of the 
thrust washer surface to the cover 
mounting surface, ‘A’, Figure 8. 


(ii) With the axle shaft pushed inwards 
measure the distance from the end of 
the shaft to the cover mounting 
surface ‘B’, Figure 8. 


(iii) Subtract dimension ‘B’ from 
dimension ‘A’ to establish the shaft 
end float. If the end float is above or 
below the specified range change the 
thrust washer for a thicker or thinner 
washer to obtain the correct end 
float. See ‘Specifications’ — Chapter 
4 for the required shaft end float. 


Install the cover and refill the hub planetary 
reduction assembly with the specified oil, 
See ‘Specifications’ — Chapter 4. The line 
adjacent to the filler/drain hole must be 
horizontal while refilling the hub. 


STEERING SWIVEL PIN BEARINGS 


REMOVAL 


1. 


Position the unit on a hard level surface and 
jack up the front axle. Securely support the 
front of the tractor and remove the front 
wheel. 


Remove the planetary reduction gear 
cover as described in the initial section of 
this Chapter. 


Remove the circlip and washer(s) from the 
axle shaft, Figure 9. 


Wrap masking tape around the axle shaft 
sun gear to protect the swivel casing oil 


seal during the swivel case removal. | 
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Figure 10 
Swivel Pin Installation 


. Swivel Pin 


2. Hub Assembly 


3 


. Track Rod Ball Joint 


Disconnect the steering track rod ball joint 
and using a suitable sling support the 
weight of the hub and remove the bolts 
securing the upper and lower swivel pins, 
Figure 10. 


Remove the swivel pins complete with ‘O’ 
ring seal and shim, upper pin only, Figure 
11. Identify the shim for installation on re- 
assembly. 


Slide the swivel casing and hub assembly 
away from the axle and remove the swivel 
bearings from the axle casing bearing 
cups. 


INSPECTION AND REPAIR 


Inspect the swivel bearing and cups for 
wear or damage, replacing if necessary. To 
remove the swivel bearing cups drive out 
the grease retaining plugs, Figure 12. 


Replace the ‘O’ ring seal located on the 
swivel pins. 


Figure 11 
Swivel Pin Removal 
. Swivel Pin 
. Swivel Casing 
. “QO” Ring Seal 
Shim 
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INSTALLATION 


1. Install the two swivel bearings in position 
and pack the bearings with grease of the 
specified type. See ‘Specifications’ — 
Chapter 4. 


Figure 12 
Swivel Bearing Cups 


1. Swivel Bearing Cup 
2. Grease Retaining Plug 
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NOTE: /f new bearings or swivel pins are being 
installed the following procedure must be 
carried out to establish the required shim 
thickness. 


(i) Remove the axle shaft from the 
casing. 


(ii) Install the lower swivel pin with no 
shims and the upper swivel pin with 
an arbitary shim of thickness 1.4mm. 


(iii) Install the swivel pin securing bolts 
and tighten to the specified torque, 
see ‘Specifications’ — Chapter 4. 
Chapter 4. 


(iv) Install the Torque Wrench Adaptor 


Figure 13 
Checking Swivel Bearing Torque Tool No. FT.3149A or 0566 onto the 
1. Torque Meter swivel pin. 
2. Swivel Pin 
3. glee Wrench Adaptor, Tool No. FT.3149A (v) Check the swivel bearing turning 
or 


Position the swivel casing and hub 
assembly onto the axle and axle shaft 
ensuring that the swivel casing is correctly 
located above and below the bearings. 


Replace the ‘OQ’ ring seal and the original 
shims if the original bearings and swivel 
pins are being replaced. 


Remove the masking tape from the end of 
the axle shaft sun gear and re-assemble the 
axle shaft retaining circlip and washer(s). 


Install the planetary reduction gear cover 
and refill the hub with the specified oil. See 
‘Specifications’ — Chapter 4. 


torque using a_ suitable torque 
wrench, Figure 13. The torque should 
be within the specified range, see 
‘Specifications’ — Chapter 4. 


(vi) If the torque is outside these limits 
install a different thickness of shim. 
Increasing the thickness of the shim 
will decrease the turning torque, 
while decreasing shim thickness will 
increase the torque. The shim is 
located under the upper pivot pin 
flange only. 


(vii) With the correct torque obtained 
remove the swivel pins and install the 
axle shaft. Re-assemble the hub 
components and refill the hub with 
the specified oil. See ‘Specifications’ 
— Chapter 4. 


AXLE SHAFT 


REMOVAL 


1. To remove an axle shaft the planetary 
reduction gear cover, axle shaft retaining 
circlip, washer(s) and swivel pins must be 
removed as described under steering 
swivel pin bearing removal. 


CHAPTER >To EEEEEEEEEEEEEe 


Figure 14 
Axle Shaft 
1. Sun Gear 
2. Universal Joint 
3. Axle Shaft 


4. Retaining Circlip 


2. Separate the swivel casing from the axle 
and withdraw the shaft from the hub or 
axle. 


DISASSEMBLY 


1. The two universal joints in the axle shafts, 
Figure 14, can be disassembled following 
normal workshop practices. 


2. To separate the axle shaft and sun gear 
from the yokes of the universal joints 
compress the circlip, Figure 14, and pull 
the shaft/sun gear from the universal joint. 


INSPECTION AND REPAIR 


1. Examine the axle shaft oil seal and bushing 
located in the axle casing for wear or 
damage and replace if necessary, Figure 
15. 


2. Examine the oil seal and bushing located in 
the swivel casing, and replace if worn or 
damaged, Figure 16. 


Figure 15 
Axle Shaft Oil Seal 


1. Axle Shaft Oil Seal 
2. Axle Casing 


RE-ASSEMBLY 


1. Re-assembly follows the disassembly pro- 
cedure in reverse. 


INSTALLATION 


1. Installation follows the removal procedure 
in reverse. 


Figure 16 
Swivel Casing 


1. Swivel Casing Oil Seal 
2. Swivel Casing Bushing 
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Figure 17 Figure 18 
Axle Assembly Steering Cylinder End Cap 
1. Axle Casing Securing Bolts 1. Steering Hose 
2. Differential Housing Drain Plug 2. End Cap 


3. End Cap Securing Bolts 


DIFFERENTIAL AND PINION ASSEMBLY 5. Support the left-hand axle casing using a 
suitable sling and remove the _ bolts 


REMOVAL securing the left-hand casing to the 
differential housing. Separate the two 
Differential halves of the axle. 


1. Park the tractor on a hard level surface and 6. Thedifferential assembly can be lifted from 
block the rear wheels, jack up the front of the casing, Figure 19. 
the tractor and support on suitable stands. 
Remove the front left hand wheel. 


2. Remove the differential casing drain plug, 
Figure 17, and allow the oil to drain into a 
suitable container. 


3. Remove the left hand track rod end 
securing nut and drive the track rod end 
from the steering arm. 


4. Remove the steering hose from the 
steering cylinder end cap and withdraw the __ Figure 19 
end cap securing bolts, Figure 18. Slide the _ Differential Installation 
end cap towards the track rod clamp. 1. Differential Assembly 
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Figure 20 
Pinion Drive Flange Securing Nut 


1. Pinion Drive Flange 
2. Securing Nut 
3. Securing Nut Retainer 


Pinion Assembly 


1. Remove the drive shaft guard, remove the 
pinion flange securing bolts and allow the 
drive shaft to rest on the ground. 


2. Withdraw the pinion securing nut retainer 
and unscrew the securing nut, Figure 19. If 
necessary the pinion can be held using 
Pinion Flange Wrench, Tool No. FT.3122A 
or 0567. 


3. Remove the pinion drive flange and drive 
the pinion assembly into the differential 
casing, collecting the pinion and bearing 
preload sleeve from within the casing. 
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Figure 21 
Differential Assembly 


1. Bearing 

2. Securing Bolts 

3. Differential Casing 

4. Crown Wheel 

5. Bearing 

4. Remove the pinion oil seal and rear bearing 
from the differential casing. 

DISASSEMBLY 

Differential 

1. Remove the differential case securing 
bolts, Figure 21. Separate the two halves 
of the differential assembly. 

2. Remove the bevel pinion gears and thrust 


washers, side gears, limited slip clutch 
plates and side gear thrust washers from 
each half of the casing. 
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Figure 22 

Differential Assembly 
1. Spacer — 8. Differential Casing (Half) 
2. Plates with External Lugs 9. Bearing 
3. Crown Wheel — 10. Securing Bolt 
4. Differential Casing (Half) 11. Plate Washer 
5. Internally Splined Plates 12. Side Gear and Clutch Assembly 
6. Side Gear 13. Thrust Washer 
7. Bevel Pinion Gear 


INSPECTION AND REPAIR 
With Reference to Figure 22. 


1. Wash all components in a suitable solvent 
and dry. 


2. Inspect the differential bearings for wear 
and damage and replace if necessary using 
Puller, Tool No. 1003 or 9516, Pulling 
Attachment Tool No. 951 or 9190 and Step 
Plate 630S/5 or 9210. The differential 
bearing cups are located in the two axle 
casings, Figure 23. 


3. Inspect the crown wheel for wear or 
damage, where replacement is required 
remove the differential bearings and press 
the crown wheel from the differential 


casing. The differential bearing must be gules! 
d if df he diff ‘al Bearing Cup Installation 

renewe if removed from the differentia 1. Differential Bearing Cup 

casing. 2. Pinion Bearing Cup 
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Figure 24 
Pinion Assembly 


1. Bearing Cup 8. Nut Retainer 

2. Pinion Bearing 9. Securing Nut 

3. Pinion 10. Pinion Drive Flange 

4. Shim 11. Dirt Shield 

5. Bearing Cup 12. Bearing 

6. Oil Seal 13. Bearing Pre-load Sleeve 

7. Washer 

NOTE: 7he crown wheel and pinion are only 6. Inspect the pinion assembly components 


for wear and damage and replace as 
necessary, Figure 24. The bearing pre-load 
spacer must be replaced to ensure correct 
bearing pre-load is obtained on re- 
assembly. 


supplied as matched pairs, identified by a serial 
number etched on the periphery of the crown 
wheel and on the end of the pinion. Replace- 
ment of either the pinion or crown wheel 
necessitates the installation of a matched 
pinion and crown wheel. 


7. If necessary remove the pinion bearing 
using Puller, Tool No. 1003 or 9516, Pulling 
Attachment, Tool No. 951 or 9190 and 
Shaft Protector, Tool No. 625A or 9212, 


4. Inspect the differential gears for wear or 
damage. The differential gears are 
supplied in matched sets and must be 


replaced as sets. 


Examine the slip clutch plates for wear, 
scoring, burrs or other damage and replace 
if necessaary. 
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Figure 25. 


Inspect the oil seal dirt shield for damage 
and replace if necessary. 


Figure 25 
Removing Pinion Bearing 
Puller, Tool No. 1003 or 9516 
Pinion Shaft 
. Puller Attachment, Tool No. 951 or 9190 
Pinion Bearing 
. Shaft Protector, Tool No. 625A or 9212 
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RE-ASSEMBLY 


1. Coat all components with oil prior to re- 
assembly. 


2. Install one set of clutch plates, spacer and 
side gear into the crown wheel section of 
the differential, Figure 26. Ensure the 
friction surface of the spacer abuts the 
machined surface of the external lug clutch 
plate. 


3. Install the bevel gears, and thrust washers 
into the crown wheel section of the 
differential. 


4. Using a magnetic dial indicator gauge 
measure the back lash between the bevel 
gears and side gear. To centralise and, 
prevent movement of the side gear firmly 
hold one set of bevel gears whilst 
measuring backlash, Figure 27. 


5. The spacer located adjacent to the side 
gear is available in different thicknesses to 
enable the specified backlash to be 
maintained. If the backlash is outside the. 
specified limits, see ‘Specifications’ — 
Chapter 4, select the appropriate thickness 
of spacer for installation between the side 
gear and clutch plates. 


Figure 26 
Installing Differential Clutch Plate Assembly 
1. Side Gear 
2. Clutch Plates 
3. Spacer 


6. Repeating the above procedure select the 


appropriate spacer for installation into the 
opposite clutch pack of the differential 
assembly. 


Re-assemble the two halves of the 
differential and tighten the retaining bolts 
to the specified torque, see 
‘Specifications’ — Chapter 4. 


INSTALLATION 


Prior to installation coat all components with 
oll. 


NOTE: /f the differential bearings, differential 
or axle housings are to be renewed the 
following procedure must be carried out to 
determine the thickness of shims to locate 
between the differential bearing cups and the 
axle. housing. The total thickness of shims 
determine the differential bearing pre-load and 
the positioning of the shims determine the 
crown wheel to pinion tooth backlash. 
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Figure 27 
Measuring Bevel Gear Backlash 


1. Dial Indicator Gauge 
2. Bevel Gear 
3. Thrust Washer 


DIFFERENTIAL BEARING PRE-LOAD 


1 


2: 


Remove the left hand axle shaft from the 
axle housing. 


Install the original shims into the two 
differential bearing cup bores in the axle 
housings and press in the bearing cups. 


Wrap a suitable cord around the body of 
the differential and install the differential 
assembly into the housing. Lead the cord 
through the pinion bore. Locate the left 
hand axle housing onto the differential 
bearing. Install four of the securing bolts 
diagonally opposite and tighten to the 
specified torque. See ‘Specifications’ — 
Chapter 4. 
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Figure 28 
Differential Bearing Pre-load Measurement 


1. Spring Balance 
2. Cord 


4. Remove the right hand axle shaft. Attacha 
suitable spring balance 0O—20 Ib, (O—10 
kg) to the cord and measure the pull 
required to steadily turn the differential, 
Figure 28. 


NOTE: Ensure the cord is of single thickness 
on the differential and the cord does not touch 
the housing during the bearing pre-load 
measurement. 


5. The pull should be within the range 4 to 13 
Ibf (2 to 6 kgf). If the pull is below the 
minimum figure remove the differential 
and increase the shim thickness, if the pull 
required to turn the differential is above the 
maximum figure decrease the thickness of 
shims. 


6. Re-check the bearing pre-load if 
necessary. Remove the __ differential 
assembly, bearing cups and shims. Divide 
the shims equally and_ identify for 
installation of the differential. 


Figure 29 
Pinion Inner Bearing Cup Installation 


1. Bearing Cup Installation, Tool No. FT.3153 
or 0565 


PINION ENGAGEMENT MEASUREMENT 


If the pinion or axle casing have been renewed 
it is necessary to select the appropriate 
thickness of shims for installation beneath the 
pinion inner bearing cup using the following 
procedure. 


1. Subtract the dimension marked on the end 
of the pinion with the dimension marked 
on the centre of the axle casing. This is 
dimension “’X”’. 


2. Assemble the pinion inner bearing into the 
bearing cup and position on a surface 
table. Apply downward pressure on the 
bearing and rotate several times to ensure 
settlement of the rollers. Using a height 
gauge measure the overall height of the 
bearing. This is dimension “Y"’. 


3. Subtract dimension “YY” from dimension 
“"X"’ and record as dimension ‘’Z’’.. Select 
shims to the thickness of dimension ‘“Z” 
for installation beneath the pinion inner 
bearing cup. 
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Figure 30 
Tightening Pinion Nut 


1. Wrench 
2. Flange Wrench, Tool No. FT.3122A or 0567 


4. Use Bearing Cup Installation Tool No. 
FT.3153 or 0565 to replace the bearing cup, 
Figure 29. 


PINION INSTALLATION 


1. Insert the original or selected shims in the 
bore of the pinion housing and install the 
inner bearing cup. 


2. Press the bearing assembly onto the 
pinion, using a sleeve of suitable diameter, 
until it abuts the shoulder. 


3. Install the pinion outer bearing cup in the 
housing. Place a new bearing pre-load 
sleeve on the pinion shaft and install the 
pinion assembly into the housing. 


4. Install the outer bearing onto the pinion 
shaft and locate the oil seal in the pinion 
housing. Position the dirt seal and drive 
flange assembly onto the pinion splines. 
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5. Coat the threads of the pinion securing nut 


with thread sealant to Ford Specification 
EM4G-52A, and install the washer and nut. 
Do not tighten the nut. 


Install Flange Wrench, Tool No. FT.3122A 
or 0567, and tighten the pinion nut in small 
increments, preventing rotation of the 
flange by means of the wrench, Figure 30. 
At each tightening stage, release the 
wrench and check the torque required to 
rotate the drive flange and pinion. When 
the required torque reading is obtained, 
see ‘Specifications’ — Chapter 4, the 
bearing pre-load is correct. 


Remove the flange wrench, install the 
pinion nut retainer, reconnect the drive 
shaft and re-install the drive shaft guard. 


DIFFERENTIAL INSTALLATION 


Install the original or selected shims 
between the differential bearing cups and 
the axle housing. Install the right hand axle 
shaft in the axle housing. 


Locate the differential in position engaging 
the crown wheel teeth in the pinion teeth. 
Install the left hand axle housing and 
secure with the bolts tightened to the 
specified torque, see ‘Specifications’ — 
Chapter 4. 


Install the left hand axle shaft. 


Remove the differential drain plug and 
mount a dial indicator on the axle casing 
with the plunger located perpendicular 
onto a tooth of the crown wheel, Figure 31. 


Holding the pinion flange securely turn one 
axle shaft to rotate the _ differential 
backwards and forwards within the limits 
of the crown wheel to pinion gear teeth 
backlash and note the total dial indicator 
reading. 
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Figure 31 
Measuring Crown Wheel to Pinion Backlash 
. Dial Indicator Plunger 
. Dial Indicator 
. Dial Indicator Stand 
. Differential Drain Plug Hole 


lf the backlash is greater than the specified 
maximum, see ‘Specifications’ — Chapter 
4, shim thicknesses must be taken from 
behind the differential right hand bearing 
cup and inserted behind the left hand cup, 
to move the differential crown wheel closer 
to the pinion. If the backlash is less than the 
specified minimum shim thickness must be 
taken from behind the differential left hand 
bearing cup and inserted behind the right 
hand cup to move the differential crown 
wheel away from the pinion. The total shim 
thickness must remain. constant to 
maintain the correct differential bearing 
pre-load. 


To check the crown wheel to pinion teeth 
engagement coat both sides of 10 to 12 
crown wheel teeth with engineers blue. 
Rotate the crown wheel until all the coated 
teeth have engaged the pinion. Remove 
the differential and examine the crown 
wheel contact area. Compare the pattern 
on the teeth with the examples shown in 
Figure 32, and if necessary adjust as 
indicated. 


Re-assemble the axle tightening all bolts to 
the specified torque, see ‘Specifications’ 
— Chapter 4. Refill the axle differential and 
hubs.with the specified oil. 
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Figure 32 
1. Ideal Tooth Contact, Coast Side (Concave) 4. Insufficient Tooth Engagement, Drive Side 
2. Ideal Tooth Contact, Drive Side (Convex) (Convex) 
3. Insufficient Tooth Engagement, Coast Side 5. Excess Tooth Engagement, Coast Side 
(Concave) (Concave) 
6. Excess Tooth Engagement, Drive Side (Convex) 
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AXLE REMOVAL 7. On Ford TW-5 and TW-15 tractors 

withdraw the bolts securing the weight 

NOTE: The axle can be removed as a complete carrier to the front support and remove the 

assembly. Carrier. 

1. With the tractor on firm level ground 8. Remove the bolts securing the front 
position the front wheels straight ahead, support bracket to the main front support. 
apply the handbrake and chock the rear 
wheels. 


9. Carefully remove the support bracket from 
the front centre axle pivot pin and 
withdraw the axle from the main front 
support. 


2. Remove the drive shaft guard and then 
remove the pinion flange securing bolts 
and allow the drive shaft to rest on the 
ground. 


3. Remove the front end weights. 10. Remove the spacing washers from the axle 
pivot pins. 
4. Raise the front of the tractor and position 
safety stands under the engine to hold the 
front wheels just clear of the ground. 


Remove the front wheels. 
5. Disconnect the power steering cylinder 


hoses at the steering cylinder and cap the 
exposed ends. INSPECTION AND REPAIR 


6. Using a suitable hoist support the front 1. Inspect the pivot pins and bushes for wear 
axle. and replace if necessary. 
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AXLE INSTALLATION e Lubricate the pivot pins with a suitable 
grease, see ‘Specifications’ — Chapter 4. 

Installation of the axle follows the removal 

procedure in reverse. 


On re-assembly observe the _ following 
requirements: | 


e Select spacing washers for installation 
over each pivot pin in order to maintain the 
specified clearance between the axle and 
pivot pin support castings. See ‘Specifica- e Tighten the bolts to the correct torque, see 
tions’ — Chapter 4. ‘Specifications’ — Chapter 4. 


C. FRONT WHEEL DRIVE AXLE INTEGRAL STEERING CYLINDER — OVERHAUL 


DISASSEMBLY 6. Withdraw the cylinder rod, complete with 
piston assembly, from the cylinder. 
1. Position the tractor on a hard level surface 
and block the wheels. 


2. Remove the steering hose from the left 
hand end of the cylinder, Figure 33. 


3. Disconnect the steering track rod ball 
joints. 


4. Remove the steering stops, Figure 33 and 
34. Cut away the locking tab on the end of 
the cylinder rod and unscrew the ball joints 
from the rod. 


Figure 33 
Steering Cylinder — Left Hand Side 


5. Remove the steering cylinder end cap 1. Steering Hose 
securing bolts and slide the end cap from 2. End Cap : 
: : : 3. End Cap Securing Bolts 
the cylinder rod. Collect and identify the 4. Steering Stop 
shims located in the end cap. 5. Cylinder Rod 
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Figure 34 Figure 35 
Steering Cylinder — Right Hand Side End Cap Oil Seal Installation 

1. Cylinder Sleeve 1. Cylinder 

2. Steering Stop 2. Packing Shim 

3. Cylinder Rod 3. Oil Seal 

4. Hose Fitting 4. Circlip 
5. End Cap 

7. Remove the steering hose from the right 5. Inspect the cylinder rod for scoring and 


hand end of the cylinder. The tube in the 
steering cylinder housing can be pushed 
out of the left hand end together with the 
sleeve located in the right hand end of the 
cylinder, Figure 34. 


INSPECTION AND REPAIR 


iP 


Wash the components in a suitable solvent 
and dry using compressed air. 


Inspect the seal located in the end cap and 
sleeve. The seal is retained in position with 
a circlip, Figure 35. 


Inspect the cylinder tube for wear and 
scoring and replace if necessary. 


Inspect the seals on the piston and replace 
if necessary. The piston is secured to the 
rod by split rings retained in position by a 
spacer, washer and circlip, Figure 36. 
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wear and replace if necessary, sliding the 
piston from the rod after removing the 
retaining circlip, split ring, washer and 
spacer. 


RE-ASSEMBLY 


1. 


Coat all components in oil and re-asemble 
the components following the disassembly 
procedure in -reverse. If a new cylinder 
tube, sleeve or end cap have been installed 
the following procedure must be carried 
out to establish the thickness of shim to 
located between the tube and end cap: 

(i) Ensure the cylinder sleeve and tube 
are pushed fully into the cylinder 
housing and measure the height of 
the tube from the end of the cylinder, 
Dimension “‘A’’, Figure 37. 

(ii) Measure the end cap. depth, 
Dimension ‘’B’’, Figure 37. 


Subtract Dimension ‘’A”’ from “’B” to 
establish the shim thickness required 
to secure the tube in position. 


(ili) 
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Figure 36 
Steering Cylinder Piston Components 
1. Piston Rings 6. Piston 11. Seal 
2. Cylinder Rod 7. Spacer 12. Spacer 
3. Piston Sealing Ring 8. Split Ring 13. Split Ring 
4. Retainer 9. Retainer 
5. Washer 10. Washer 


2. Install the selected or original shims in the 
end cap, install the end cap and secure 
with the retaining bolts tightened to the 
specified torque, see ‘Specifications’ — 
Chapter 4. 


itt 


3. Apply thread locking sealant, see ‘Specifi- 
cations’ — Chapter 4, to the threads in the 
ends of the cylinder rod and install the 
cylinder rod ball joints. Tighten the joint to 
the specified torque, see ‘Specifications’ 
— Chapter 4. Prevent any _ further 
movement of the joint by deforming the 
flange of the ball joint to produce a locking Figure 37 
tab between the cylinder rod and ball joint. Steering Cylinder Tube Shimming Dimensions 
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4. Reconnect the track rods to the spindle 


arms, steering stops to the steering 
cylinder ball joints and the steering hose to 
the end cap fitting. Tighten all nuts to the 
specified torque, see ‘Specifications’ — 
Chapter 4. 


Measure the vehicle toe-in as detailed in 
Chapter 1, Section B and adjust the track 
rods to obtain the correct toe-in, see 
‘Specifications’ — Chapter 4. 
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6. Check the power steering reservoir and top 


up with the specified grade of oil. 


Run the engine and cycle the steering to 
check for correct operation. Re-check the 
oil level in the power steering reservoir. 
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Chapter 4 
SPECIFICATIONS AND SPECIAL TOOLS 


Section Page 


A. SPECIFICATIONS — TWO WHEEL DRIVE AXLE 1 


B. SPECIFICATIONS — FRONT WHEEL DRIVE AXLE 
FORD TW5 AND TW15 WITH APL TYPE 345 AXLE 
AND ASSOCIATED TRANSFER BOX (See also Chapter 6) 3 


C. SPECIAL TOOLS 7 


A . SPECIFICATIONS —TWO WHEEL DRIVE AXLE 


Wheel Track 

Adjustment Toe-In 
Ford TW-5, TW-15 High 60-84 in 0-0.5 in 
and TW-25 Clearance 1524-2134 mm 0-13 mm 


Ford TW-25 and Heavy Duty 60-84 in 0-0.5 in 
TW-35 (Standard Track) 1524-3134 mm 0-13 mm 
Ford TW-5, TW-15 Heavy Duty 72-96 in 0-0.5 in 
TW-25 and TW-35 (Wide Track) 1829-2438 mm 


CLEARANCES AND TOLERANCES 


Wheel Bearing Pre-Load/End 
Play 0.006 in (0.15 mm) Pre-Load— 0.004 in (0.10mm) End Play 


SHIMS 


Front Axle Support to Oil 

Pan Shims 0.015 in (0.38 mm) 
0.018 in (0.46 mm) 
0.021 in (0.56 mm) 
0.024 in (0.61 mm) 
0.027 in (0.68 mm) 


LUBRICANTS 


Fill with correct grade of grease as specified in the relevant Ford Tractor Operator's Manual. 


TORQUE SPECIFICATIONS 


Left Hand Track Rod Clamp Bolt 70 95 9.7 
Right Hand Track Rod Clamp Bolt 
High Clearance Axle 
Heavy Duty Axle 
Track Rod End Ball Joint Nuts 
Spindle to Spindle Arm Nut (After Road Test) 
Steering Cylinder End Ball Joint Nuts 
Steering Cylinder Ball Joint Adjuster Clamp Bolt 
Cylinder to Anchor 
Piston to Spindle Arm 
Axle Track Adjustment Through Bolts 
Steering Cylinder Anchor Bolts 
High Clearance Axle, Nut and Bolt Fixing 
High Clearance Axle, Bolt Fixing 
Heavy Duty Axle, Nut and Bolt Fixing 
Heavy Duty Axle, Bolt Fixing 
Front Axle Support Bracket Bolts 
Front Axle Support to Oil Pan Bolts 
Front Axle Support to Engine Bolts 
Flexible Steering Hose Connections 


300 407 415 
18 24 »=«-25 


I a 


B. SPECIFICATIONS — FRONT WHEEL DRIVE AXLE (Centre Drive) 


FRONT AXLE TYPE DOUBLE REDUCTION 


TRANSFER BOX Driven from rear axle centre housing. Front 
axle drive engaged or disengaged by means 
of a multi-plate clutch. 


Ford TW-5, TW-15 Ford TW-35 
and TW-25 
TRANSFER BOX RATIO __ 


AXLE RATIO 
Overall 

Crown Wheel and Pinion 
Planetary Gear 


OIL CAPACITIES 
Hub each 
Litres 
Imp. pints 
U.S. pints 


Axle Differential 
Litres 

Imp. pints 
U.S. pints 


Increased Capacity of Rear Axle with 
Transfer Box Installation 

Less Transmission Handbrake 

Litres 
Imp. pints 
U.S. pints 


With Transmission Handbrake 
Litres 

Imp. pints 
U.S. pints 


THREAD SEALANT 


To Ford specification ESE-M4G204-A2 


LUBRICANTS 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 
Operators Manual. 
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CLEARANCES AND TOLERANCES 
AXLE 


Front Wheel Toe-in 


Axle Hub Bearings Rolling Resistance. 
Ford TW-35 only. (Pull on cord around 
wheel studs) 


Planetary Gear Hub Nut Thrust Washer 
Thicknesses Available. Ford TW-35 only 


Axle Shaft End Float 


Thrust Washer Thicknesses 
Available 


Swivel Bearing Turning Torque 
Ford TW-5, TW-15 and TW-25 
Ford TW-35 


Shim Thicknesses Available 


Limited Slip Differential Bevel Gear 
Backlash 


Spacer Thicknesses Available 


Differential Bearing Rolling Resistance 


Shim Thicknesses Available 


0—0.2 in (O—5 mm) 


4.5—13.5 Ibf (2.0—6.1 kgf) 


0.8—1.2 mm in increments of 0.05 mm 
0.012—0.024 in (0.3—0.6 mm) 


1.5mm 
2.0mm 


7—9 Ibf.ft (10—12 Nm) (1.0—1.2 Mkg) 
11— 13 Ibf.ft (15—18 Nm) (1.5—1.8 Mkg) 


0.6 mm 
1.0 mm 
1.4mm 
1.6 mm 
1.8mm 
2.0 mm 


0.006 —0.008 in (0.15—0.2 mm) 


2.8 mm 
2.9mm 
3.0 mm 
3.1mm 
3.2mm 
3.3 mm 


4—13 lbf (2—6 Kgf) 


0.1 mm 
0.2 mm 
0.3 mm 
0.4mm 
0.5 mm 
0.6 mm 
0.8 mm 
1.0 mm 
1.2mm 
1.4mm 
1.45—2.0 mm in increments of 0.05 mm 
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CLEARANCES AND TOLERANCES (Continued) 


AXLE (Continued) 


Crown Wheel to Pinion Gear Teeth Backlash 


Ford TW-5, TW-15 and TW-25 
Ford TW-35 


Pinion Thrust Washer Thicknesses © 
Available 

Ford TW-5, TW-15 and TW-25 

Ford TW-35 


Pinion Bearing Turning Torque 


Steering Cylinder Shim Thicknesses 
Available 

Ford TW-5, TW-15 and TW-25 

Ford TW-35 


Pivot Pin to Support Casting Clearance: 
Front Pin 
Rear Pin 
Shim Thicknesses Available 


TRANSFER BOX 
Output Shaft End Float 
Shim Thicknesses Available 


Brake Lever Shim Washer Thicknesses 
Available 


Clutch Plate Clearance with Plates 


Compressed 


Quantity of Plates in Clutch Pack 
Internally Splined Plates 
Externally Splined Plates 


Clutch Pack Slip Torque 


0.005—0.007 in (0.13—0.18 mm) 
0.005—0.011 in (0.13— 0.28 mm) 


0.9—1.6 mm in increments of 0.05 mm 
0.9—1.3 mm in increments of 0.05 mm 
1.6 mm 


1—1.5 Ibf.ft (1—2 Nm) (0.1—0.2 Mkg) 


— 1.8mm in increments of 0.1 mm 


1.0 
1.0—1.8 mm in increments of 0.05 mm 


0.004—0.008 (0.1—0.2 mm) 
0.004—0.008 (0.1—0.2 mm) 
4.4mm 
4.7mm 
5.0 mm 
5.3mm 
5.6 mm 


0.001 —0.003 in (0.02— 0.075 mm) 


1.6—2.2 mm in increments of 0.05 mm 
2.5—5.5 mm in increments of 0.5 mm 


0.047 —0.071 in (1.2— 1.8 mm) 


Ford TW-5, TW-15 Ford TW-35 
and TW-25 
6 8 
7 9 


811 — 1055 Ibf.ft 1106— 1350 Ibf. ft 
{100— 1430 Nm 1500 — 1830 Nm 
112— 146 Mkg 153— 187 Mkg 
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TORQUE SPECIFICATIONS FRONT WHEEL DRIVE 


cee 
CENTRE DRIVE AXLE lbf.ft Nm Mkg 


Planetary Ring Gear Support Bolts 


Ford TW-5, TW-15 and TW-25 65 90 8.9 
Planetary Ring Gear Hub Nut 

Ford TW-35 406 550 56 
Differential Casing Bolts 107 145 14.8 
Axle Housing Securing Bolts 

Ford TW-5, TW-15 and TW-25 218 295 30.0 

Ford TW-35 295 400 40.7 
Swivel Pin Bolts 89 120 12.3 
Steering Cylinder End Cap Bolts 

Ford TW-5, TW-15 and TW-25 89 120 12.3 

Ford TW-35 140 190 19.4 
Axle Front Support Bolts 200 271 27.7 
Steering Stop Bolts 18 25 2.5 
Track Rod End Ball Joint Nuts ew 

Ford TW-5, TW-15 and TW-25 75 102 10.4 

Ford TW-35 221 300 30.5 
Steering Cylinder Rod Ball Joints 221 300 30.5 
Drive Shaft Flange Bolts 58 79 8.0 
Steering Hose to Cylinder Connections 18 24 25 


TRANSFER BOX 


eee 


Securing Bolts | 55 75 7.6 
End Cap Bolts 88 120 12 
Handbrake Retaining Disc Bolts 88 120 12 


Solenoid Cover Bolts 18 25 2.5 


Pe SR 


C. SPECIAL TOOLS 


CENTRE DRIVE AXLE 


V. L. CHURCHILL NUDAY 
DESCRIPTION TOOL NO. TOOL NO. 


Puller 1003 
Pulling Attachment 951 

Step Plate Set 630S 
Shaft Protector 625A 


Swivel Bearing Torque Wrench Adaptor FT.3149A 


Pinion Bearing Cup Installer FT.3153 


Pinion Flange Wrench FT.3122A 


Hub Nut Socket FT.3154 


TRANSFER BOX 

Puller 943 
Slide Hammer 9435S 
Nut Wrench FT.3152 
Shaft Protector 625A 
Pulling Attachment 952 
Brake Disc Spline Aligner FT.3150 


Handbrake Actuator FT.3151 
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Chapter 5 


FRONT WHEEL DRIVE AXLE ASSEMBLIES 
—FORD TW5, TW15, TW25 AND TW35 WITH 


Section 
A. 


APL 355 AND 365 TYPE AXLES 


FRONT WHEEL DRIVE AXLE— DESCRIPTION AND 
OPERATION 


PLANETARY REDUCTION GEAR ASSEMBLY AND WHEEL 
HUB BEARINGS — OVERHAUL 


STEERING SWIVEL PIN BEARINGS — OVERHAUL 
AXLE SHAFT — OVERHAUL 


DIFFERENTIAL AND PINION ASSEMBLY — OVERHAUL — 
TW5 AND TW15 WITH APL 355 AXLE 


DIFFERENTIAL AND PINION ASSEMBLY — OVERHAUL — 
TW25 AND TW35 WITH APL 365 AXLE 


FRONT WHEEL DRIVE AXLE INTEGRAL STEERING 
CYLINDER —- OVERHAUL 


AXLE REMOVAL AND INSTALLATION 


Page 


A. FRONT WHEEL DRIVE AXLE-—DESCRIPTION AND OPERATION 


Two types of front wheel drive axle are 


installed on the Ford TW range of tractors, the axle. 


each axle being specifically designed for the 
range of tractor to which it is fitted. The axle 


follows:- 


design codes are stamped on a serial number 
identification plate attached totherighthand = Tractor Model 


side of the axle, Figure 1, and should be 
quoted together with the Ford Part Number 


Ford TW5 and TW15 Tractors 
Ford TW25 and TW35 Tractors 


whenever ordering spare parts for servicing 
The axle design code numbers are as 
Axle Code 


APL 355 
APL 365 


The front wheel drive axle is attached to the 
front of the tractor on pivot pins which permit 
articulation of the axle when traversing 
rough terrain. 


Both types of axle contain a centrally located 
limited slip differential On APL 355 Axles 
the differential is mounted directly in the cast 
steel axle housings. 


On APL 365 Axles the differential is housed 
in a differential carrier which is in turn 
mounted in the centre of the axle assembly. 


Zahnradiabrik oe GmbH 


Customer's 
ea Noa 


TE - MAL 


Figure 1 
Axle Identification Plate 


The axle differential is driven from the 
transfer box assembly, mounted beneath the 
rear axle centre housing, via the driveshaft 
connected to the transfer box output shaft 
and front axle differential pinion. 


Two universally jointed shafts transmit the 
drive from the differential to the axle hubs 
and front wheels. 


It should be noted that some axles of the APL 
355 type feature an 8 bolt hub to wheel fixing 
as opposed to the more usual 10 bolt fixing. 


Each axle hub contains a planetary reduction 
gear set. On APL 355 axles a 4 planetary 
reduction gear set is used and on APL 365 
axles a 3 planetary reduction gear set is 
utilised. 


The ring gear on both axle designs is locked 
to the hub support/swivel casing by a spline 
and retained in position by a single central 
nut. Each hub assembly is then mounted on 
the axle by a pair of swivel pins. 


The self locking limited slip differential 
assemblies installed in these axles consist of 
a multi-disc clutch mounted on each axially 
moveable side gear. The limited slip differen- 
tial operates as follows:- 


When one wheel starts to spin on a slippery 
surface, the torque reaction on the differen- 
tial exerts on outward axial force through the 
side gears to compress the clutch plates. 
Since the outer plates are locked to the 
differential case and the inner plates are 
splined to the side gears, relative rotation of 
the axle shafts becomes more difficult as the 
input torque increases. This self locking 
effect is fully automatic and requires no 
action on the part of the driver. 


On both the APL 355 and 365 axles, the axle 
planetary reduction gears, the swivel bear- 
ings and axle shafts can be removed from the 
axle casing with the axle remaining secured 
to the tractor. 


Overhaul of the differential on APL 355 axles 
is also possible with the axle casing remain- 
ing secured to the tractor, however, overhaul 
of the APL 365 axle differential necessitates 
that the axle is removed from the vehicle 
before this operation can be performed. 


The integral power steering cylinder incor- 
porated on these axles contains a double 
sided piston of equal area mounted in the 
centre of a single rod which passes through 
each end of the cylinder assembly. Each end 
of the rod is connected via track rods to the 
swivel casing/hub assemblies thus enabling 
the tractor to be steered. 


The setting procedures described through- 
out these instructions are based on the use of 
metric sized shims and are therefore only 
specified as metric values. Consequently the 
use of metric micrometers, verniers and 
depth gauges are preferable when servicing 
the axle. 


B. PLANETARY REDUCTION GEAR ASSEMBLY AND 
WHEEL HUB BEARINGS —- OVERHAUL 


REMOVAL 


1. Position the unit on a hard level surface 
and block the rear wheels. Jack up the 
front axle and securely support the front 
of the tractor. Remove the front wheel. 


2. Turn the hub so that the drain plug is at 
the lowest position. Remove the plug 
and allow the oil to drain into a suitable 
receptacle. 
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R-10-326 
Figure 2 Figure 4 
Axle Hub Hub Removal 
1. Lever Slot 3. Drain Plug 1. Hub 
2. Cover Securing Screw 4. Cover Securing Screw 2. Outer Bearing 
3. Remove the two socket-headed securing 4. Remove the bolt securing the slotted hub 
screws, and insert two levers into the nut locking plate, Figure 3, and remove 
slots. Lever the planetary cover assembly the plate. 


away from the hub ensuring that the 
machined surfaces are not damaged. 


5. Using Hub Nut Socket, Tool No. FT3155 
or FT. 3156, APL 355 or 365 respectively, 
or 12235 or 12236, remove the slotted 
nut securing the ring gear to the hub 
support. Remove the ring gear from the 
support. 


6. The hub retains the hub bearings in 
position. Remove the hub from the 


Figure 3 


Hub Nut Installation support using a suitable puller or by 
4. Hub 4 Gunna striking the rear of the hub with a soft 
2. Ring Gear 5. Locking Plate faced hammer. Retrieve the outer bearing 
3. Sun Gear » from the hub, Figure 4. 


Figure 5 
Hub Inner Bearing Removal 


1. Bearing 
2. Lever 
3. Hub Support 


NOTE: During removal of the hub on APL 
355 Axles, the hub inner bearing and oil seal 
generally remain encased in the hub. ({f the 
hub inner bearing and oil seal remain on the 
hub support, use Pulling Too! No. 7003 or 
95716 to remove the bearing. Remove and 
discard the oil seal and scraper ‘V’ ring. 


7. APL 365 Axle Using a suitable lever or 
puller, remove the inner bearing from hub 
support, Figure 5. 


DISASSEMBLY 


1. Remove the scraper ‘V’ ring from the hub, 
Figure 6, and prise out the oil seal. On 
APL 355 Axles remove the inner bearing 
from the hub. 


2. If necessary drive the hub bearing outer 
tracks from the hub. Only remove the 
tracks if damage to the bearings or tracks 
have been identified. 
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Figure 6 
Hub Oil Seal Installation 


1. Scraper ‘V’ Ring 
2. Oil Seal 
3. Bearing Outer Tracks 


3. Remove the snapring retaining the plan- 
etary gear bearings to the carrier, Figure 
7, and using two suitable levers prise the 
planetary gear and bearing assemblies 
from the carrier. 


Figure 7 
Planet Gear Installation 


1. Planet Gear 3. Snapring 
2. Planet Gear Bearing 4. Thrust Washer 


is ART 1O—RKFRONT AX_E— == 


INSPECTION AND REPAIR 


1. 


Wash all components in a suitable sol- 
vent and dry. Inspect all items for wear, 
damage and cracks. 


Inspect the hub bearings and outer tracks 
for wear or damage and replace as 
necessary. 


Examine the planet gears and bearings 
for wear and replace if necessary. The 
bearings are retained in the gears with 
snaprings, remove the snaprings and 
slide out the bearings. 


IMPORTANT: When dismantling the gears 
and bearings ensure that each bearing 
remains matched to the gear from which it 
was removed. If a bearing was identified as 
damaged, the gear from which it was re- 
moved must also be replaced. 


4. 


Inspect the sun gear teeth for damage. 
The sun gear is attached to the axle shaft 
by a snapring and if the gear is to be 
replaced the axle shaft must be removed 
from the axle — as described in Section D 
Axle Shaft — Overhaul. 


Replace the hub oil seal and scraper ‘V’ 
ring and examine the oil seal shield on the 
hub support for scoring. Cut off and 
replace the shield if damaged. 


RE-ASSEMBLY 


1. 


Re-assemble the planetary gears follow- 
ing the disassembly procedure in reverse. 
Ensure that the planet gears are installed 
onto the shafts with the radius in the 
inner bore adjacent to the hub cover. 


APL 355 Axle 


Using hot oil or hot air blower, heat the 
inner hub bearing to 100°C (212°F). 
Position the heated bearing into the hub 
and retain in position with a new oil seal. 
Position the scraper ‘V’ ring onto the oil 
seal with the ‘V’ sealing edge facing 
outwards. Coat the sealing edge of the 
seal with grease and install the hub onto 
the support swivel casing while bearing 
is still hot. 


APL 365 Axle 


Using hot oil or hot air blower, heat the 
inner hub bearing to 100°C (212°F) and 
install the bearing onto the hub support. 
Install a new oil seal into the hub, 
position the scraper ‘V’ ring onto the oil 
seal, with the ‘V’ sealing edge facing 
outwards. Coat the sealing edge of the 
seal with grease and install the hub onto 
the hub support. 


Heat the hub outer bearing to 100°C 
(212°F) using hot oil or hot air blower 
and install onto the support. 
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Figure 9 
Measuring Axle Shaft End Float 


Figure 8 
Measuring Rolling Resistance 


1. Spring Balance 
2. Cord 


4. Position the ring gear onto the hub (ii) Further tighten the hub nut in small 


support and retain in position with the 
slotted hub nut. The hub nut must be 
tightened as follows to ensure that the 
rolling resistance of the hub is within 
specification, see ‘Specifications’ — 
Chapter 6. 


(1) Tighten the hub nut finger tight, 
ensuring that the hub bearings are 
not subjected to any preload. 


(i) Using a 0-20 Ibf (0-10 kg) spring 
balance and length of cord wrapped 
around the studs, Figure 8, measure 
the force required to turn the hub 
and record the value. This reading is 
the rolling resistance of the hub oil 
seal. 


increments until the rolling resis- 
tance of the hub has been increased 
by the specified value, see 
“Specifications” — Chapter 6. 


The thrust washer located in the centre or 
the planetary hub cover is supplied in 
various thicknesses and controls the axle 
shaft end float. Calculate the correct 
thickness of washer as follows: 


(1) With a thrust washer in the end 
cover and using a straight edge and 
depth gauge measure the dimension 
of the thrust washer surface to the 
cover mounting surface, ‘A’, Figure 
9. 


(11) With the axle shaft pushed inwards 


NOTE: The cord must be in line with two measure distance from the end of 
studs and the reading taken while slowly the shaft cover mounting surface 
turning the hub. ‘B’. 
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(iii) Subtract dimension ‘B’ from dimen- 
sion ‘A’ to establish the shaft end 
float. If the end float is above or 
below the specified range change 
the thrust washer for a thicker or 
thinner washer to obtain the correct 
end float. See “Specifications” — 
Chapter 6 for the required shaft end 


6. 


Install the planetary cover and refill the 
hub planetary reduction assembly with 
the specfied oil see the relevant Opera- 
tors Manual. The line adjacent to the 
filler/drain hole mus be horizontal while 
refilling the hub. 


C. STEERING SWIVEL PIN BEARINGS — OVERHAUL 


float. 
REMOVAL 
1. Position the unit on a hard level surface 
and jack up the front axle. Securely 
support the front of the tractor and 
remove the front wheel. 
2. Remove the planetary reduction gear 


cover as described in section B, Planetary 
Reduction Gear Assembly and Wheel 
Hub Bearings — Overhaul. 


NOTE: When overhauling the swivel pin 
bearings only, it is not necessary to remove 
the planetary ring gear. 


3. Remove the snapring, splined washer 


1. Hub Support 
2. Thrust Washer 


and thrust washer from the axle shaft sun 
gear, Figure 10. 


Figure 10 
Axle Shaft Installation 


3. Splined Washer 
4. Sun Gear 
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Figure 11 
Swivel Pin Removal 


3. Swivel Casing 
4. Shim (Upper Pin Only) 


1. Swivel Pin 
2. Axle Casing 


4. Wrap masking tape around the axle shaft 
sun gear to protect the swivel casing oil 
seal during the swivel case removal. 


5. Disconnect the steering track rod ball 
joint. Using a suitable sling, support the 


weight of the hub and remove the bolts 


securing the upper and lower swivel pins. 


6. Remove the swivel pins complete with 
shims (upper pin only) and bearings, 
Figure 11. Identify the shims for installa- 
tion on re-assembly. 
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Figure 12 
Swivel Bearing Cups 


1. Axle Casing 

2. Grease Retaining Plug 

3. Axle Shaft Oil Seal and Bushing 
4. Swivel Bearing Cup 


7. Slide the swivel casing and hub assembly 
away from the axle and withdraw the axle 
shaft from the axle casing. 


INSPECTION AND REPAIR 


1. Inspect the swivel bearing and cups for 
wear and damage, replacing if necessary. 
To remove the swivel bearing cups drive 
out the grease retaining plugs, Figure 12. 


2. Replace the ‘O’ ring seal located on the 


bearing sealing caps. 


INSTALLATION 


1. 


Install the two swivel bearings in position 
and pack the bearings with grease of the 
specified type. See the relevant Operators 
Manual. Position the sealing caps on the 
bearings. 


Install the axle shaft in the axle casing. 


Slide the swivel casing and hub assembly 
onto the axle and axle shaft ensuring that 
the swivel casing is correctly located 
above and below the bearings. 


Install new ‘O’ ring seals on the bearing 
sealing caps. If the original bearings and 
swivel pins are being replaced position 
the original shims on the upper swivel 
pins, install the swivel pins and tighten 
the securing bolts to the specified torque, 
see ‘Specifications’ — Chapter 6. 


NOTE: /f new bearings, swivel pins, swivel 
casing or axle housing are being installed the 
following procedure must be carried out to 
establish the required shim thickness. 
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(i) 


(ii) 


(iii) 


(iv) 


(v) 


Install the lower swivel pin without 
shims and the upper swivel pin with 
an arbitrary shim of thickness 1.00 
mm. 


Install the swivel pin securing bolts 
and tighten to the specified torque, 
see “Specifications’’ — Chapter 6. 


Install the Torque Wrench Adaptor 
Tool No. FT. 3149A or 0566 onto 
the swivel pin. 


Check the swivel bearing turning 
torque using a suitable torque 
wrench, Figure 13. The torque 
should be within. the specified 
range, see ‘Specifications’ — 
Chapter 6. 


If the torque is outside these limits 
install different thickness of shim. 
Increasing the thickness of the shim 
will decrease the turning torque, 
while decreasing shim thickness 
will increase the torque. The shim is 
located under the upper pivot pin 
flange only. 


Nast 


Figure 13 
Checking Swivel Bearing Torque 


1. Torque Meter 

2. Swivel Pin 

3. Torque Wrench Adaptor 
Tool No. FT 3149A or 0566 


Remove the masking tape from the end of 
the axle shaft sun gear and re-assemble 
the axle shaft thrust washer, splined 
washer and retaining snapring. 


Install the planetary reduction gear cover 
and position the hub so that the 
drain/filler plug is in the horizontal 
position. Fill the hub with the correct 
grade of oil, see the relevant Operators 
Manual, until the oil is level with the plug. 
Re-install the plug. 


Using a suitable grease gun attached to 
the grease nipples on top of each swivel 
pin ensure that the swivel bearings are 
adequately packed with the correct grade 
of grease, see applicable Operators 
Manual. 


D. AXLE SHAFT —- OVERHAUL 


REMOVAL 
1. To remove an axle shaft, the swivel 
casing and hub assembly must be re- 


moved as described under in Section C, 
Steering Swivel Pin Bearings — Overhaul. 


2. Withdraw the shaft from the axle casing. 
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DISASSEMBLY 


1. 


To separate the axle shaft or sun gear 
shaft from the universal joint expand the 
snapring and pull the shaft from the joint, 
Figure 14. 


R-10-370 R=10-331 | 
Figure 14 Figure 15 
Axle Shaft Swivel Casing 
1. Snapring 3. Universal Joint 1. Swivel Casing 
2. Sun Gear 4. Axle Shaft 2. Oil Seal 
3. Bushing 
INSPECTION AND REPAIR RE-ASSEMBLY AND INSTALLATION 


1. Inspect the axle shaft components for 1. Re-assemble the axle shaft using the 
wear or damage and replace as necess- disassembly procedure in reverse. 
ary. The universal joints, if worn, cannot 
be repaired and must be replaced. 


2. Lubricate the sealing lip of the shaft oil 
2. Examine the axle shaft oil seal and seals with grease and install the shaft into 
bushing located in the axle casing for the axle housing. 
wear or damage and replace if necessary. 
Refer to Figure 12. 


3. Install the hub assembly and planetary 


3. Examine the oil seal and bushing located carrier using the re-assembly and install- 
in the swivel casing, and replace if worn ation procedures described in Section C, 
or damaged, Figure 15. Steering Swivel Pin Bearings — Overhaul. 
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E. DIFFERENTIAL AND PINION ASSEMBLY — OVERHAUL — APL 355 AXLE 


IMPORTANT: When overhauling the dif- 2. Remove the differential housing drain 


ferential and pinion assembly, do not discard plug, Figure 16, and allow the oil to drain 
any components until the overhaul has been into a suitable container. 
completed. 


3. Remove the left hand track rod end 
securing nut and release the track rod end 
from the swivel casing. 


REMOVAL 

Differential 

1. Park the tractor on a hard level surface 4. Remove the steering hose from the 
and block the rear wheels, jack up the steering cylinder end cap and withdraw 
front of the tractor and support on the end cap securing bolts, Figure 17. 
suitable stands. Support the right hand Slide the end cap towards the steering 
side of the axle housing and remove the stop to allow access to the obscured axle 
front left hand wheel. casing securing bolt. 


R-10-372_ 
Figure 16 Figure 17 
APL 355 Axle Assembly Steering Cylinder End Cup 
1. Axle Casing Securing Bolts 1. Steering Hose Connection 
2, Differential Housing Drain Plug 2. End Cap 


3. Steering Stop 
4. End Cap Securing Bolt 
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Figure 18 
Differential Installation 


1. Differential Assembly 


Support the left hand axle casing using a 
suitable sling and remove the bolts 
securing the left hand casing to the 
differential housing. Separate the two 
halves of the axle. 


The differential assembly can be lifted 
from the casing, Figure 18. 


Pinion Assembly 


1. 


Remove the drive shaft guard, remove the 
pinion flange securing bolts and allow 
the drive shaft to rest on the ground. 


PART 10—FRONT AXLE 


Soon 
R-10-373 
Figure 19 
Pinion Drive Flange Installation 
1. Pinion Drive Flange 
2. Securing Nut 
3. Securing Nut Retainer 
2. Withdraw the pinion securing nut re- ; 


tainer and unscrew the securing nut, a 
Figure 19. If necessary the pinion can be 

held using Pinion Flange Wrench, Tool 

No. FT. 3122A or 0567. Remove the 

pinion nut washer. 


3. Withdraw the drive flange from the 


pinion and drive the pinion assembly into 
the differential casing, collecting the 
pinion and bearing preload sleeve from 
within the casing. 


4. Remove the pinion oil seal and rear 


bearing from the differential casing. 


DISASSEMBLY 


1. Remove the differential case securing 
bolts, Figure 20. Separate the two halves 
of the differential assembly. 
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Remove the bevel pinion gears and thrust 
washers, side gears, limited slip clutch 
plates and side gear thrust washers from 
the differential casings. Refer to Figure 


21. 
ie yee 3. Where necessary remove the differential 
bearings using Puller Tool No. 1003 or 
1. Bearing 4. Crown Wheel 9516, Pulling Attachment, Tool No. 951 
2. Securing Bolts 5. Bearing or 9190 and step plate 630S/5 or 9210. 


3. Differential Casing 


Figure 21 
Differential Assembly 

1. Spacer 8. Differential Casing (Half) 
2. Plates with External Lugs 9. Bearing 
3. Crown Wheel 10. Securing Bolt 
4. Differential Casing (Half) 11. Plate Washer 
5. Internally Splined Plates 12. Side Gear and Clutch Assembly 
6. Side Gear 13. Thrust Washer 
7. Bevel Pinion Gear 
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4. Where replacement of the crown wheel is 
required press the crown wheel from the 
differential casing using a suitable press 
and step plate. 


NOTE: The crown wheel and differential 
bearings need only be removed where 
damage is identified. 


INSPECTION AND REPAIR 


1. Wash all components in a suitable solvent 
and dry. 


2. Inspect the gears for wear or damage and 
replace if necessary. The differential 
gears are supplied in matched sets and 
must be replaced as sets. 


3. Examine the slip clutch plates for wear, 
scoring, burrs or other damage and 
replace if necessary. 


4. Inspect the differential bearings for wear 
or damage and replace if necessary. The 
differential bearing cups are located in 
the two axle casings, Figure 22. 
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Figure 22 
Bearing Cup Installation 


1. Differential Bearing Cup 
2. Pinion Bearing Cup 


5. Inspect the crown wheel for wear or 
damage, and replace if necessary. 


NOTE: 7he crown wheel and pinion are only 
supplied as matched pairs, identified by a 
serial number etched on the periphery of the 
crown wheel and on the end of the pinion. 
Replacement of either the pinion or crown 
wheel necessitates the installation of a 
matched pinion and crown wheel. 


6. Inspect the pinion assembly components 
for wear and damage and replace as 
necessary, Figure 23. The bearing pre- 
load spacer must be renewed to ensure 
correct bearing pre-load is obtained on 
re-assembly. 


ae 


Figure 23 
Pinion Assembly 


. Bearing Cup 

. Pinion Bearing 
Pinion 

Shim 

. Bearing Cup 

. Oil Seal 
Pinion Washer 


NOORWNo 


7. \f necessary remove the pinion bearing 
using Puller Tool No. 1003 or 9516, 
Pulling Attachment Tool No. 951 or 9190 
and Shaft Protector Tool No. 625A or 
9212, Figure 24. 


8. Inspect the dirt shield for damage and 
replace if necessary. 
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8. Nut Retainer 
9. Securing Nut 
10. Pinion Drive Flange 
11. Dirt Shield 
12. Bearing 
13. Bearing Pre-load Sleeve 
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Figure 24 
Removing Pinion Bearing 


1. Puller Tool No. 1003 or 9516 

2. Pinion Shaft 

3. Puller Attachment Tool No. 951 or 9190 
4. Pinion Bearing 

5. Shaft Protector Tool No. 625A or 9212 


Figure 25 
Installing Differential Clutch Plate Assembly 
1. Side Gear 
2. Clutch Plates 
3. Spacer 


RE-ASSEMBLY 


NOTE: Coat a// components with ail prior to 
re-assembly. 


1. Where the crown wheel has been re- 
moved install two suitable guide pins in 
the differential casing, heat the crown 
wheel in oil to 100°C (212°F) and install 
on the differential using a suitable press. 
Secure the crown wheel against rotation 
by installing the four roll pins. 


2. Install one set of clutch plates, spacer and 
side gear into the crown wheel section of 
the differential, Figure 25. Ensure the 
friction surface of the spacer abuts the 
machined surface of the external lug 
clutch plate. 
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Figure 26 
Measuring Bevel Gear Backlash 


1. Dial Indicator Gauge 
2. Bevel Gear 
3. Thrust Washer 


3. 


5. 


Install the bevel gears, and thrust wash- 
ers into the crown wheel section of the 
differential. 


Using a magnetic dial indicator gauge 
measure the back lash between the bevel 
gears and side gear. To centralise and 
prevent movement of the side gear, firmly 
hold one set of bevel gears whilst 
measuring backlash, Figure 26. 


The spacer located adjacent to the side 
gear is available in different thicknesses 
to enable the specified backlash to be 
maintained. If the backlash is outside the 
specified limits, see ‘Specifications’ — 
Chapter 6, select the appropriate thick- 
ness of spacer for installation between 
the side gear and clutch plate. 


6. Repeating the above procedure select 
the appropriate spacer for installation 
into the opposite clutch pack of the 
differential assembly. 


7. Ensuring that the part number stamped 
on each half of the differential casing 
align, re-assemble the two halves of 
the differential and tighten the retaining 
bolts to the specified torque, see 
Specifications’ — Chapter 6. 


8. Where removed press new bearings onto 
the differential casing. 


INSTALLATION 


Prior to installation coat all components with 
oil. 


NOTE: /f the differential or axle housings 
have been renewed the following procedure 
must be carried out to determine the thick- 
ness of shims to locate between the dif- 
ferential bearing cups and the axle housing. 
The total thickness of shims determine the 
differential bearing pre-load and the posi- 
tioning of the shims determine the crown 
wheel to pinion tooth backlash. 


Differential Bearing Pre-load (Pinion 
not installed) 


1. Remove the left hand axle shaft from the 
axle housing. 


2. Install the original shims into the two 
differential bearing cup bores in the axle 
housings and press in the bearing cups. 


3. Wrap a suitable cord around the body of 
the differential and install the differential 
assembly into the housing. Pass the end 
of the cord out through the pinion bore. 
Locate the left hand axle housing onto 
the differential bearing. Install four of the 
securing bolts diagonally opposite and 
tighten to the specified torque. See 
Specifications’ — Chapter 6. 


4. Remove the right hand axle shaft. Attach 
a suitable spring balance 0-20 Ib, (O-10 
kg) to the cord and measure the pull 
required to steadily turn the differential, 
Figure 27. 


NOTE: Ensure the cord is of single thickness 
on the differential and the cord does not 
touch the housing during the bearing pre- 
load measurement. 


Figure 27 
Differential Bearing Pre-Load Measurement 


1. Spring Balance 
2. Cord 
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Figure 28 Figure 29 
Pinion Engagement Measurement Pinion Engagement Measurement 
1. Pinion Variance Measurement 1. Mandrel, Part of Tool No. FT 3157 or 

12237 

2. Dummy Pinion, Part of Tool No. FT 3157 or 
or 12237 


3. Washer, Part of Tool No. FT 3157 or 12237 
4. Bolt, Part of Tool No. FT 3157 or 12237 
5. Axle Housing 


5. The pull should be within the range 4 to 2. If the crown wheel and pinion have been 
14 Ibf (2 to 6 kgf). If the pull is below the renewed, adjustment to the shim pack 
minimum figure remove the differential located behind the inner pinion bearing 
and increase the shim thickness, if the cup must be made as follows to allow for 
pull required to turn the differential is variation between the old and new 
above the maximum figure decrease the pinions:- 


thickness of shims. 


e Compare the variance measurement 
scribed on the faces of the old and 
6. Re-check the bearing pre-load if nece- new pinions, Figure 28. 
ssary. Remove the differential assembly 
bearing cups and shims. Divide the shims 


equally and identify for installation of the . e If the dimensions are identical no 


further adjustment to the shim pack is 


differential. 
necessary. 
e If the new pinion has a larger dimen- 
sion than the old pinion, shims to the 
Pinion Engagement Measurement thickness of the difference must be 
subtracted from the shim pack. If the 
1. Ifthe original crown wheel and pinion are new pinion has a smaller dimension 
to be installed into the original axle than the old pinion, shims to the 
casing then the differential can be in- thickness of the difference must be 
stalled without performing the pinion added to the shim pack. See examples 
engagement measurement. below. 
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Variance 
Measurement 
etched on face 
of old pinion 


Example 1 
Measurement scribed 
on pinion 


Example 2 
Measurement scribed 
on pinion 


Example 3 
Measurement scribed 
on pinion 


3. 


If the differential is to be installed into a 
new axle housing or it is thought neces- 
sary to re-check the thickness of shim 
selected for installation beneath the 
pinion inner bearing cup, calculate the 
thickness of shims to be installed, using 
the following procedure: 


e Insert the Dummy Pinion, part of Tool 
No. FT. 3157 or 12237 into the pinion 
bore of the new axle and secure in 
position with the retaining bolt, Figure 
29. 


e Locate the Mandrel, part of Tool No. 
FT. 3157 or 12237 in the differential 
bearing cup bore. Apply hand pressure 
to the end of the mandrel to ensure 
positive location and using feeler 
gauges measure the gap between the 
mandrel and the top of the Dummy 
Pinion, refer to Figure 29. 
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Variance 
Measurement 
etched on face 
of new pinion 


Adjustment to pinion 
bearing shim 
thickness 


Increase shim thickness 
by 0.2 mm 


Decrease shim thickness 
by 0.3 mm 


Increase shim thickness 
by 0.1 mm 


e Record the measured dimension and 
make the following calculations: 


Height of Dummy Pinion (a) + di- 
mension obtained with feeler gauge 
(b) + half the diameter of the dif- 
ferential bearing bore (c) =dimension 
’X’, Figure 29. 


Dimension (a) is etched on the side of 
the Dummy Pinion and dimension (c) 
is 45 mm. 


Example: 


(a) 99.5 mm+ (b) 0.6 mm+ (c) 
45 mm-—'‘X’ which equals 145.71 mm 


e Assemble the pinion inner bearing into 
the bearing cup and position on a 
surface table. Apply downward press- 
ure on the bearing and rotate several 
times to ensure settlement of the 
rollers. Using a height gauge, measure 
the overall height of the bearing. This is 
dimension ‘Y’. 


e Subtract dimension ‘Y’ from dimen- 
sion ‘X’ and record the result as 
dimension ‘Z’. From dimension ‘Z’ 
subtract the dimension in millimetres 
etched next to the serial number on the 
end of the pinion. For the APL 355 axle 
this dimension will be 112 plus the 
variance dimension. Therefore the 
dimension required is 112+0.1 or 
—0.1 etc. The difference obtained is 
the required thickness of shims to be 
inserted beneath the pinion inner 
bearing cup. 


Example: 


Height of pinion bearing =‘Y’ 

= 32.0 mm 

‘X’'= 145.1 from previous calculations 
™ —"¥'=113.1 mm='Z2' 

Dimension etched on end face of 
pinion=112+0.1 =112.1 

113.1 mm—112.1 mm=1.0 mm 
Therefore required shim thickness 
=1.0 mm. 


Pinion Installation 


1. 


Insert the original or selected shims in the 
bore of the pinion housing and install the 
inner bearing cup. 


Using a sleeve of suitable diameter press 
the inner bearing assembly onto the 
pinion, until it abuts the shoulder. 
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3. 


Install the pinion outer bearing cup in the 
housing. Place a new bearing pre-load 
sleeve on the pinion shaft and install the 
pinion assembly into the housing. 


Install the outer bearing onto the pinion 
shaft and locate the oil seal in the pinion 
housing. Position the drive _ flange 
assembly onto the pinion splines. 


Install the pinion washer and retaining 
nut and tighten until finger tight ensuring 
that the pinion bearings are not subjected 
to any pre-load. 


Using a 0-10 Ibf.ft (0-15 Nm) torque 
meter, rotate the pinion and record the 
rolling resistance of the pinion with zero 
pre-load on the pinon bearings. This 
value is the rolling resistance of the 
pinion oil seal. 


It is important that during measurement 
of the turning torque the drive pinion is 
continually rotated. 


Install the pinion Flange Wrench, Tool 
No. FT. 3122A or 0567 and tighten the 
pinion nut in small increments, while 
preventing rotation of the flange by 
means of the wrench, Figure 30. At each 
tightening stage, release the wrench and 
check the torque required to rotate the 
drive flange and pinion, Figure 31. When 
the torque reading recorded for the 
rolling resistance of the pinion oil seal 
has increased by 1.5 Nm (1.1 Ibf.ft), the 
pinion bearing pre-load is correct. 


Figure 30 
Tightening Pinion Nut 


1. Wrench 
2. Flange Wrench, Tool No. FT 3122A or 0567 


8. Install a new pinion nut retainer to 
prevent any further rotation of the nut. 


Differential Installation 


1. Install the original or selected shims 
between the differential bearing cups 
and the axle housing. Install the right 
hand axle shaft in the axle housing. 


2. Locate the differential in position engag- 
ing the crown wheel teeth in the pinion 
teeth. Install the left hand axle housing 
and secure with the bolts tightened to the 
specified torque, see ‘Specifications’ — 
Chapter 6. 


3. Install the left hand axle shaft. 
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Figure 31 
Measuring Pinion Bearing Turning Torque 


1. Torque Meter 
2. Pinion Flange 


4. Remove the differential drain plug and 


mount a dial indicator on the axle casing 
with the plunger located perpendicular 
onto a tooth of the crown wheel, Figure 
32. 


Figure 32 
Measuring Crown Wheel to Pinion Backlash 


1. Dial Indicator Plunger 

2. Dial Indicator 

3. Dial Indicator Stand 

4. Differential Drain Plug Hole 


5. Holding the pinion flange securely turn 
one axle shaft to rotate the differential 
backwards and forwards within the limits 
of the crown wheel to pinion gear teeth 
backlash and note the total dial indicator 
reading. 


6. If the backlash is greater than the speci- 
fied value etched on the edge of the 
crown wheel, Figure 33, shims must be 
taken from behind the differential right 
hand bearing cup and inserted behind 
the left hand cup, to move the differential 
crown wheel closer to the pinion. If the 
backlash is less than the specified mini- 
mum shim thickness must be taken from 
behind the differential left hand bearing 
cup and inserted behind the right hand 

Figure 33 cup to move the differential crown wheel 
Crown Wheel to Pinion Backlash Specification away from the pinion. The total shim 

1. Crown Wheel thickness must remain constant to main- 

2. Backlash Specification tain the correct differential bearing pre- 

3. Crown Wheel Serial Number load. 
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Figure 34 
Crown Wheel Tooth Contact Pattern 

1. Ideal Tooth Contact, Coast Side 4. Insufficient Tooth Engagement, Drive 
(Concave) Side (Convex) 

2. Ideal Tooth Contact, Drive Side 5. Excess Tooth Engagement, Coast Side 
(Convex) (Concave) 

3. Insufficient Tooth Engagement, 6. Excess Tooth Engagement, Drive Side 
Coast Side (Concave) (Convex) 
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7. Tocheck the crown wheel to pinion teeth 
engagement coat both sides of 10 to 12 
crown wheel teeth with engineers blue. 
Rotate the crown wheel until all the 
coated teeth have engaged the pinion. 
Remove the differential and examine the 
crown wheel contact area. Compare the 
pattern on the teeth with the examples 
shown in Figure 34. If the contact pattern 
is not correct an error has been made in 
establishing the thickness of shim pack 
for correct pinion engagement and ne- 
cessitates re-setting of the pinion, see 
“Pinion Engagement Measurement’. 


8. Re-assemble the axle following the 


removal procedure in reverse and tighten 
all bolts to the specified torque see 
‘Specifications’’— Chapter 6. Refill the 
axle differential and hubs with the speci- 
fied oil, see relevant Operators Manual. 


Reconnect the drive shaft and install the 
drive shaft guard. 


F. DIFFERENTIAL AND PINION ASSEMBLY—-OVERHAUL-— APL 365 AXLE 


REMOVAL 


IMPORTANT: When overhauling the dif- 
ferrential and pinion assembly, do not dis- 
card any components until the overhaul has 
been completed. 


1. Remove the axle assembly from the 
tractor as described in Section H — Axle 
Removal, and position in a suitable 
stand to enable removal of the differential 
carrier assembly, Figure 35. 


2. Remove the differential casing drain 
plug, and allow the oil to drain into a 
suitable container. 
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Figure 35 
APL 365 Axle Assembly 
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Figure 36 
Removing Differential Carrier 


1. Differential Carrier 
2. Axle Housing 


3. Remove the axle shafts as detailed in 
Section D — Axle Shafts — Overhaul. 


4. Support the differential carrier assembly 
using a Suitable hoist and sling. Remove 
the carrier securing bolts and withdraw 
the carrier and differential assembly from 
the axle casing, Figure 36. 


DISASSEMBLY 


1. Mount the differential carrier vertically in 
a suitable vice. 


2. Remove the roll-pin securing the bearing 
adjusting nut opposite the crown wheel 
and remove the nut, Figure 37. 


PART 10— FRONT AXLE 
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Differential Bearing Adjusting Nut Installation 


1. Adjusting Nut 3. Roll Pin 


2. Bearing 


3. Withdraw the bearing cup from the 
differential bearing and using a suitable 
bearing puller remove the bearing, Figure 


Figure 38 
Differential Bearing Removal 
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Figure 39 
Crown Wheel Bolt Locking Plate Removal 


1. Crown Wheel Retaining Bolts 
2. Split Pin Location 

3. Locking Plate 

4. Crown Wheel Orientation Mark 


NOTE: Removal of the bearing without the 
use of the bearing puller will damage the 
bearing. 


4. 


Invert the differential carrier in the vice 
and remove the crown wheel side 
bearing adjusting nut, bearing cup and 
bearing as previously described. 


Identify with a chalk mark ‘C’ on the 
differential casing the orientation of the 
crown wheel to the carrier and differen- 
tial pinion, Figure 39. Failure to identify 
the orientation of the crown wheel may 
lead to an incorrect re-assembly, causing 
the axle to run in reverse when re- 
assembled. 


Remove the split pins and locking plates 
from the heads of the crown wheel 
retaining bolts, Figure 39. 


27 


CHAPTER 5 


Figure 40 
Pinion Drive Flange Securing Nut 


1. Pinion Nut Retainer 
2. Pinion Drive Flange 
3. Pinion Nut 


7. 


10. 


Separate the two halves of the differential 
casing and withdraw the bevel pinion 
gears, thrust washers, side gears, limited 
slip clutch plates and side gear thrust 
washers. Withdraw the two halves of the 
differential casing from the carrier. 


Withdraw the pinion securing nut re- 
tainer and unscrew the securing nut, 
Figure 40. If necessary, the pinion can be 
held using pinion Flange Wrench, Tool 
No. FT 3122A or 0567. Remove the 
pinion nut washer. 


Withdraw the drive flange from the 
pinion and drive the pinion assembly 
from the differential carrier. 


Remove the pinion oil seal and rear 
bearing from the differential casing, 
Figure 41. 


INSPECTION AND REPAIR 


1. Wash all components in a suitable sol- 
vent and dry. 


2. Inspect the gears for wear or damage and 
replace if necessary. The differential 
gears are supplied in matched sets and 
must be replaced as sets, refer to Figure 
42. 


Figure 41 


Pinion Oil Seal Installati ; i 
Da eae ee 3. Examine the slip clutch plates for wear 


1. Pinion Oil Seal scoring, burrs or other damage and 
2. Pinion Outer Bearing replace if necessary. 


Figure 42 
APL 365 Differential Assembly 
1. Differential Casing 6. Differential Casing 
2. Plates with External Lugs 7. Crown Wheel! 
3. Side Gear 8. Thrust Washer 
4. Side Gear 9. Shaft 
5. Internally Splined Plates 10. Bevel Pinion Gear 
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Washer 

Nut Retainer 
Securing Nut 
Pinion Drive Flange 
Dirt Shield 

Bearing 


Figure 43 
Pinion Assembly 

1. Bearing Cup yp 
2. Pinion Bearing 8. 
3. Pinion 9. 
4. Shim 10. 
5. Bearing Cup 11. 
6. Oil Seal 12. 
13 


4. Inspect the differential bearings for wear 6. 
or damage and replace if necessary. 


5. Inspect the crown wheel and pinion for 
wear or damage and replace if necessary. 


NOTE: 7he crown wheel and pinion are only 
supplied as matched pairs, identified by a 

serial number etched on the periphery of the 7. 
crown wheel and on the end of the pinion. 
Replacement of either the crown wheel or 
pinion necessitates the installation of a 
matched crown wheel and pinion. 
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. Bearing Pre-Load Sleeve 


Inspect the pinion assembly components 
for wear and damage and replace as 
necessary, Figure 43. The bearing pre- 
load spacer must be renewed to ensure 
the correct bearing pre-load is obtained 
on re-assembly. 


If necessary, remove the pinion bearing 
using Puller Tool No. 1003 or 9516, 
Pulling Attachment Tool No. 951 or 9190 
and Shaft Protector Tool No. 625A or 
9212. 


RE-ASSEMBLY AND INSTALLATION e Compare the variance measurement 
scribed on the faces of the old and 
APL 365 Differential new pinions, Figure 44. 


NOTE: Coat a// components with oil prior to 
re-assembly. 


e If the dimensions are identical no 
further adjustment to the shim pack is 
necessary. 

Pinion Engagement Measurement 


1. Ifthe original crown wheel and pinion are 
to be installed into the differential carrier 
then the pinion should be installed with 
the original shim pack installed behind 
the inner pinion bearing cup. 

e If the new pinion has a larger dimen- 

sion than the old pinion, shims to the 

thickness of the difference must be 


2. If the crown wheel and pinion have been subtracted from the shim pack. If the 
renewed, adjustment to the shim pack new pinion has a smaller dimension 
located behind the inner pinion bearing than the old pinion, shims to the 
cup must be made as follows to allow for thickness of the difference must be 
variation between the old and new added to the shim pack. See examples 
pinions. below. 

Variance Variance 
Measurement Measurement Adjustment to pinion 
etched on face etched on face bearing shim 
of old pinion of new pinion thickness 


Example 1 
Measurement scribed Increase shim thickness 


on pinion by 0.2 mm 


Example 2 
Measurement scribed | Decrease shim thickness 


on pinion ; by 0.3 mm 


Example 3 
Measurement scribed Increase shim thickness 


on pinion , by 0.1 mm 
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Figure 44 
Pinion Engagement Measurement 


1. Pinion Variance Measurement 


Pinion Installation 


1. 


Insert the original or selected shims in the 
bore of the pinion housing and install the 
inner bearing cup. 


Using a sleeve of suitable diameter, press 
the inner bearing assembly onto the 
pinion, until it abuts the shoulder. 


Install the pinion outer bearing cup in the 
housing. Place a new bearing pre-load 
sleeve on the pinion shaft and install the 
pinion assembly into the housing. 


Install the outer bearing onto the pinion 
and locate the oil seal in the pinion 
housing. Position the drive flange as- 
sembly onto the pinion splines. 
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Figure 45 
Measuring Pinion Turning Torque 


Install the pinion washer and retaining 
nut and tighten until finger tight, ensur- 
ing that the pinion bearings are not 
subjected to any pre-load. 


Using a 0-10 Ibf.ft (0-15 Nm) torque 
meter, rotate the pinion and record the 
rolling resistance of the pinion with zero 
pre-load on the pinion bearings. This 
value is the rolling resistance of the 
pinion oil seal. 


Install the pinion Flange Wrench, Tool 
No. FT. 3122A or 0567 and tighten the 
pinion nut in small increments, while 
preventing rotation of the flange by 
means of the wrench. At each tightening 
stage, release the wrench and check the 
torque required to rotate the drive flange 
and pinion, Figure 45. When the torque 
reading recorded for the rolling resist- 
ance of the pinion oil seal has increased 
by 1.5 Nm (1.1 Ib.ft), the pinion bearing 
pre-load ts correct. 
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Figure 46 
Installing Differential Clutch Plate Assembly 


1. Side Gear 
2. Clutch Plates 
3. Spacer 


It is important that during measurement 
of the turning torque the drive pinion is 
continually rotated. 


Install a new pinion nut retainer to 
prevent any further rotation of the nut. 


Differential Re-assembly 


1. 


Where the crown wheel has been re- 
moved, install two suitable guide pins in 
the differential casing, heat the crown 
wheel tn oil to 100°C (212°F) and install 
on the differential using a suitable press. 
Secure the crown wheel against rotation 
by installing the four sets or roll pins. 
Ensure the slots in each set of pins are 
displaced by 180°. 
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Figure 47 
Measuring Bevel Gear Backlash 


1. Dial Indicator Gauge 
2. Bevel Gear 
3. Thrust Washer 


2. 


Install one set of clutch plates, spacer and 
side gear into the crown wheel section of 
the differential, Figure 46. Ensure the 
friction surface of the spacer abuts the 
machined surface of the external lug 
clutch plate. 


Install the bevel gears and thrust washers 
into the crown wheel section of the 
differential. 


Using a magnetic dial indicator gauge 
measure the backlash between the bevel 
gears and side gear. To centralise and 
prevent movement of the side gear, firmly 
hold one set of bevel gears whilst 
measuring backlash, Figure 47. 


5. The spacer located adjacent to the side 
gear Is available in different thicknesses 
to enable the specified backlash to be 
maintained. If the backlash is outside the 
specified limits, see “Specifications” — 
Chapter 6, select the appropriate thick- 
ness of spacer for installation between 
the side gear and clutch plate. Identify 
the side gear clutch plates and spacer for 
re-assembly. 


6. Repeating the above procedure select 
the appropriate spacer for installation 
into the opposite clutch pack of the 
differential assembly. 


7. Position the crown wheel half of the 
differential casing in the carrier ensuring 
that the crown wheel is mounted in the 
side of the carrier previously marked with 
a Chalked ‘C’. 


IMPORTANT: /f the orientation of the 
crown wheel was not identified prior to 
disassembly, the crown wheel must always 
be installed on the left hand side of the pinion 
when the axle is viewed from the rear of the 
tractor. 


8. Position the clutch plates, spacer and 
side gear, previously identified for each 
half of the differential into the differential 
casings and install the bevel pinion gears, 
shafts and thrust washers, Figure 48. 
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Figure 48 
Differential Re-Assembly 


1. Bevel Gears 
2. Crown Wheel 
3. Differential Assembly Part Number 


10. 


11. 


Align the part number stamped across 
each half of the differential casings and 
install the differential housing bolts to 
clamp the two halves of the differential 
together. The bolts are installed in sets of 
three, the outer two bolts of each set 
being drilled through the heads for 
insertion of the locking plate securing 
split pins, refer to Figure 39. 


Invert the differential carrier in the vice 
and tighten the differential housing bolts 
to the specified torque, see ‘‘Specifi- 
cations’, Chapter 6. 


Install new locking plates over the bolts 
heads using a suitable sized socket to 
seat the locking plate, Figure 49. Install 
new split pins through the heads of the 
outer two bolts on each locking plate to 
retain the plates in position. 


Figure 49 
Differential Assembly Locking Plate Installation 


1. Socket 
2. Locking Plate 


12. Using hot oil or hot air blower, heat the 
differential bearings to 100°C (212°F) 
and install on the differential. Position 
the bearing caps on the bearings and 
loosely install the bearing adjusting nuts. 


13. Hand tighten the adjusting nut opposite 
the crown wheel to eliminate any bearing 
free play. Using a magnetic dial indicator 
gauge, meausure the backlash between 
the crown wheel and pinion, Figure 50. 
Adjust the backlash to the specified value 
using the adjusting nut on the crown 
wheel side of the differential. The speci- 
fied crown wheel to pinion backlash is 
etched on the periphery of the crown 
wheel, refer to Figure 50. When the 
specified backlash has been obtained, 
prevent any further rotation of the crown 
wheel side bearing adjusting nut by 
installing the locking roll pin. 
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Figure 50 
Measuring Crown Wheel to Pinion Backlash 


1. Dial Indicator 


2. Differential Serial No. and Backlash Specification 


14. Loosen the adjusting nut opposite the 
crown wheel and measure the dimension 
across the two diagonally opposite ma- 
chined lugs on the differential carrier, 
Figure 51. 


Figure 51 
Differential Bearing Pre-Load Adjustment 


1. Crown Wheel 
2. Machined Lug 


3. Vernier Gauge 
4. Machined Lug 
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Figure 52 
Crown Wheel Tooth Contact Pattern 
1. Ideal Tooth Contact, Coast Side 4. Insufficient Tooth Engagement, Drive 
(Concave) Side (Convex) 
2. \deal Tooth Contact, Drive Side 5. Excess Tooth Engagement, Coast Side 
(Convex) (Concave) 
3. Insufficient Tooth Engagement, 6. Excess Tooth Engagement, Drive Side 
Coast Side (Concave) (Convex) 
15. Tighten the adjusting nut opposite the engagement and necessitates re-setting 
crown wheel until the dimension across of the pinion as detailed in “Pinion 
the lugs has increased by 0.2 mm. Engagement Measurement”’. 


Prevent further rotation of the adjusting 
nut by installing the locking roll pin. This 


adjustment pre-loads the differential Differential Installation 
bearings. 
1. Coat the mating faces of the differential 
NOTE: /ncreasing the dimension across the carrier and axle housing with the speci- 
machined lugs by more than 0.2 mm will fied Loctite sealant, see ‘Specifi- 
prevent installation of the carrier into the axle cations’ — Chapter 6. 


housing during differential installation. 


16. To check the crown wheel to pinion teeth 


engagement, coat both sides of 10 to 12 2. Install the carrier into the axle and tighten 
crown wheel teeth with engineers blue. the retaining bolts to the specified tor- 
Rotate the crown wheel until all the que, see “Specifications” — Chapter 6. 


coated teeth have engaged the pinion. 
Examine the crown wheel contact area 
and compare the pattern on the teeth 


with the examples shown in Figure 52. If 3. Install the axle shafts and hub assemblies 
the contact pattern is not correct, an error using the installation procedure descri- 
has been made in establishing the thick- bed in Section C, Steering Swivel Pin 
ness of shim pack for correct pinion Bearings — Overhaul. 
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G. FRONT WHEEL DRIVE AXLE INTEGRAL STEERING CYLINDER — OVERHAUL 


DISASSEMBLY 


1. Position the tractor on a hard level 
surface and block the wheels. 


2. Remove the steering hose from the left 
hand end of the cylinder. 


3. Disconnect the steering track rod ball 
joints. 


4. Remove the steering stops and cut away 
the locking tabs formed across the flats 
on the ends of the cylinder rod. 


5. Gently heat the cylinder rod to loosen the 
loctite securing the cylinder rod to track 
rod ball joint and unscrew the ball joints 
on either end of the rod, Figure 53. 


6. Remove the left hand steering cylinder 
end cap securing bolts and slide the end 
cap from the cylinder rod. Collect and 
identify the shims located in the end cap, 
Figure 54. 


Figure 53 
Disconnecting Cylinder Rod 
1. Spanner 3. Track Rod 
2. Cylinder Rod 4. Spanner 


Figure 54 
Steering Cylinder End Cap Installation 


1. ‘O’ Ring Seal 3. End Cap 
2. Steering Cylinder Sleeve 4. Shim 
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7. Withdraw the cylinder rod, complete 
with piston assembly, from the cylinder. 


8. APL 355 Axle 


Remove the steering hose and elbow 
connection from the right hand end of 
the cylinder, Figure 55. 


The sleeve in the steering cylinder hous- 
ing can be pushed out of the left hand 
end together with the gland located in 
the right hand end of the cylinder. 


9. APL 365 Axle 


R-10-379 
Figure 55 | Disconnect the steering hose from the 
APL 355 Axle Steering Cylinder Right Hand Side right hand steering cylinder, remove the 
1. Cylinder Sleeve 3. Cylinder Rod vibe cap and ya the sleeve from 
2. Steering Stop 4. Hose Connection the steering cylinder housing. 


R-10-380 
Figure 56 
Steering Cylinder Piston Components 
1. Snapring 4. Spacer 7. Piston 
2. Collar 5. Seal 8. ‘O’ Ring Seal 
3. Split Ring 6. Piston Ring 9. Cylinder Head 
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Figure 57 
Steering Cylinder End Cap and Sleeve 
1. Sleeve 4. End Cap Seals 
2. ‘O’ Ring Seals 5. End Cap 


3. End Cap Shim 


9. The piston ts secured to the cylinder rod 
by split rings located in annular grooves 
on the rod and retained in position by a 
spacer, collar and snapring. Remove the 
snapring securing the split ring retaining 
collar to the piston and disassemble the 
piston assembly. Refer to Figure 56. 


10. Prise the oil seals from the Cylinder end 
cap(s) and gland (APL 355 Axle only) 
and remove the ‘O’ ring seals from the 
ends of the cylinder sleeve, Figure 57. 


INSPECTION AND REPAIR 


1. Wash the components in suitable solvent 
and dry. 


2. Inspect the cylinder sleeve, piston and 
rod for wear and scoring and replace if 
necessary. 


3. Replace all seals and sealing rings. 
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1. 


RE-ASSEMBLY 


Coat all components in hydraulic steer- 
ing oil and re-assemble the components 
following the disassembly procedure in 
reverse. If a new cylinder sleeve, gland 
(APL 355 axle only) or end cap(s) have 
been installed, the following procedure 
must be carried out to establish the 
thickness of shim to be located between 
the sleeve and left hand end cap. 


(i) APL 355 Axle 


Ensure the cylinder gland and sleeve 
are pushed into the cylinder hous- 


ing. 


APL 365 Axle 


Position the cylinder sleeve in the 
housing and install the right hand 
end cap tightening the retaining 
bolts to the specified torque, see 
Specifications’ — Chapter 6. 


(ii) Ensure the cylinder sleeve is pushed 
fully into the cylinder housing then 
measure the height of the sleeve 
from the end of the cylinder hous- 
ing, Dimension ‘A’, Figure 58. 


(111) Measure the end cap depth, Dimen- 
sion ‘B’, Figure 58. 
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2. 


Figure 58 


Steering Cylinder Sleeve Shimming Dimensions 


(iv) Subtract Dimension ‘A’ from ‘B’ to 
establish the shim thickness requir- 
ed to secure the sleeve in position. 


Install the selected or original shims in 
the end cap, install the end cap and 
secure with the retaining bolts tightened 
to the specified torque, see “Specifi- 
cations” — Chapter 6. 


Apply thread locking sealant, see 
Specifications’ — Chapter 6, to the 
threads in the ends of the cylinder rod 
and install the cylinder rod ball joints. 
Tighten the joint to the specified torque. 
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4. Prevent any further movement of the joint 


by deforming the flange of the ball joint 
to produce a locking tab between the 
cylinder rod and ball joint. 


Reconnect the track rods to the swivel 
Casing, install the steering stops and 
connect the steering hoses. Tighten all 
nuts to the specified torque, see 
Specifications’ — Chapter 6. 


Measure the vehicle toe-in as detailed in 
the Operators Manual and adjust the 
track rods to obtain the correct toe-in, see 
“Specifications’’ — Chapter 6. 


7. Check the power steering reservoir and 


top up with the specified grade of oil, see 
relevant Operators Manual. 


Start and set the engine at idle speed. 
Purge the air from the steering system by 
repeatedly turning the front wheels from 
lock to lock until the steering is normal 
and the oil level in the reservoir remains 
constant. Add oil to the steering reservoir 
as necessary. 


H. AXLE REMOVAL AND INSTALLATION 


REMOVAL 6. Remove the front wheels. 


1. 


With the tractor on firm level ground 
position the front wheels straight ahead, 
apply the handbrake and block the rear 


wheels. 7. Disconnect the power steering hoses 
from the steering cylinder and cap the 
exposed ends. 


8. Support the axle with suitable lifting 
equipment which will enable subsequent 
removal and lowering of the axle to the 
ground. 


Remove the drive shaft guard, discon- 
nect the drive shaft to pinion flange 
securing bolts and the drive shaft to the 
ground. 


Ford TW5 and TW15 Tractors 


Remove the front end weights, withdraw 
the bolts securing the weight carrier to 
the front support and remove the carrier. 


Loosen the front wheel nuts but DO NOT 
REMOVE. 


Figure 59 
Front Support Bracket Installation 


Chock the axle to prevent articulation, 
raise the tractor until the front wheels are 1. Support Retaining Bolts 
clear of the ground and place suitable 2. Front Support Bracket 
supports under the side frame members. 3. Fuel Tap 
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9. Ford TW25 and TW35 Tractors INSTALLATION 
Close the fuel tank tap to prevent damage Installation of the axle follows the removal 
during axle removal and remove the front procedure In reverse. 


support bracket bolts, Figure 59. 


NOTE: Withdraw the horizontal bolts prior . 
to removing vertical bolts. On re-assembly observe the following re- 


quirements: 


10. Slide the front support bracket forward 
and remove the bracket from the axle 


ivot pin. 
P P e Select spacing washers for installation 


over each pivot pin in order to maintain the 
specified clearance between the axle and 
pivot pin support castings. See “’Specifi- 


cations’ — Chapter 6. 
11. Slide the axle forward until the rear axle 


pin is disengaged from the support and 
remove the axle assembly from the 
tractor. Retain the thrust washers from 
the axle pivot pins. 


e Lubricate the pivot pins with a suitable 
grease, see the relevant Operators Manual. 


INSPECTION AND REPAIR 


1. Inspect the pivot pins and bushes for e Tighten the bolts to the specified torque, 
wear and replace if necessary. see ‘Specifications’ ’— Chapter 6. 
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Chapter 6 
SPECIFICATIONS AND SPECIAL TOOLS FOR 
FORD TW5, TW15, TW25 AND TW35 WITH 
APL 355 AND 365 AXLES AND ASSOCIATED 

TRANSFER BOXES 


Section Page 
A. SPECIFICATIONS 1 
B. SPECIAL TOOLS 6 


A. SPECIFICATIONS 


FRONT AXLE TYPE Heavy Duty, Centre Driven, Double 
Reduction (crown wheel and pinion 
plus planetary hubs) Limited Slip Differential 


STEERING TURN ANGLE 50° (Dependant on wheel track setting) 


TRANSFER BOX Driven from a rear axle centre housing. 
Front axle drive engaged or disengaged by 
means of a multi-plate clutch with 
electrical solenoid control. Incorporating 
transmission brake as option. 


FORD TW5 & 
TW 15 WITH 8 
WHEEL STUD 

APL 355 Axle 


TRANSFER BOX RATIO  1:1.007 1:1.0493 


TRANSFER BOX IDLER 


GEAR TEETH 24/33 24/34 
AXLE RATIO 
Overall 1:19.38 
Crown Wheel and Pinion 1: 3.23 
Planetary Gear 1: 6.00 


OIL CAPACITIES 


Hub (each) 
Litres 0.75 
Imp. Pints 1.3 
U.S. Pints 1.6 
Axle Differential 
Litres 7.5 
Imp. Pints 13.1 
U.S. Pints 15.9 


Increased Capacity of Rear 
Axle with Transfer Box Installation 


Less Transmission Handbrake 


Litres 5.3 

Imp. Pints 9.3 

U.S. Pints 11.2 
With Transmission Handbrake 

Litres 5.3 

Imp. Pints 9.3 


U.S. Pints 11.2 


FORD TW5 & 
TW 15 WITH 10 
WHEEL STUD 
APL 355 Axle 


1:1.1007 1.10493 


24/33 24/34 


1:19.00 
1: 3.17 
1: 6.00 


FORD TW25 & 
TW 35 WITH 10 
WHEEL STUD 
APL 365 


1:1.1007 1:1.0493 


24/33 24/34 


1: 6.35 


THREAD SEALANT 

To Ford specification ESEM 4G 204A (Loctite 242). 
FLANGE SEALANT 

To Ford specification SAM 4G 9104A (Loctite 574). 
LUBRICANTS 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 
Operators Manual. 


CLEARANCES AND TOLERANCES 
AXLE 
Front Wheel Toe-in 0.02 in (0-5 mm) 


Axle Hub Bearings Rolling Resistance 


Pull on cord around wheel studs 
(Excludes resistance of oil seal) 


APL 355 Axle 
APL 365 Axle 


5-12 Ibf (2.3-5.4 kgf) 
8-15 Ibf (3.6-6.8 kgf) 
Axle Shaft End Float 0.012-0.024 in (0.3-0.6 mm) 


1.5 mm 
2.2 mm 


Thrust Washer Thicknesses 
Available 


Swivel Bearing Turning Torque 


APL 355 Axle 
APL 365 Axle 


11-13 Ibf.ft (15-18 Nm) (1.5-1.8 kgf.m) 
13-15 Ibf.ft (19-21 Nm) (1.8-2.1 kgf.m) 


0.6 mm 
1.0 mm 
1.4 mm 
1.6 mm 
1.8 mm 
2.0 mm 


Shim Thicknesses Available 


Limited Slip Differential Bevel 


Gear Backlash 0.008-0.012 in (0.2-0.3 mm) 


Spacer Thicknesses Available APL 355 Axle APL 365 Axle 
2.8 mm 2.8 mm 
2.9 mm 2.9 mm 
3.0 mm 3.0 mm 
3.1 mm 
3.2 mm 
3.3 mm 


CLEARANCES AND TOLERANCES (Continued) 
AXLE (Continued) 


Differential Bearing Rolling 
Resistance (APL 355 Axle only) 4-14 Ibf (2-6 kgf) 


Shim Thicknesses Available 


(APL 355 Axle only) 0.1 mm 
0.2 mm 
0.3 mm 
0.4 mm 
0.5 mm 
0.6 mm 
0.8 mm 
1.0 mm 
1.2mm 
1.4 mm 
1.4-2.0 mm in increments of 0.05 mm 


Crown Wheel to Pinion Gear Teeth Backlash 
APL 355 Axle 0.13-0.28 mm (0.005-0.011 in) 
APL 365 Axle 0.18-0.25 mm (0.007-0.010 in) 


For optimum value see measurement 
stamped on crown wheel. 


Pinion Thrust Washer Thicknesses Available 


APL 355 Axle 0.9-1.3 mm in increments of 0.05 mm, 1.5 mm 
APL 365 Axle 0.1 mm 
0.2 mm 
0.3 mm 
0.5 mm 
Pinion Bearing Turning Torque 1-1.5 Ibf.ft (1-2 Nm) (0.1-0.2 kgf.mg) 


Steering Cylinder Shim 
Thicknesses Available 0.5-1.8 mm in increments of 0.1 mm 


Pivot Pin to Support Casing Clearance: 


Front Pin 0.004-0.008 (0.1-0.2 mm) 
Rear Pin 0.004-0.008 (0.1-0.2 mm) 
Shim Thicknesses Available 4.4 mm 
| 4.7 mm 
5.0 mm 
5.3 mm 
5.6 mm 


(> E-1\ > [= Fann 
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Output Shaft End Float 0.001 -0.003 in (0.02-0.075 mm) 
Shim Thicknesses Available 1.6-2.2 mm in increments of 0.05 mm 


Brake Lever Shim Washer 
Thicknesses Available 1.5-5.5 mm in increments of 0.56 mm 


Clutch Plate Clearance with 


Plates Compressed 0.047-0.071 in (1.2-1.8 mm) 
Quantity of Plates in Clutch Pack 
Ford TW-5 Ford TW-25 
and TW-15 and TW-35 
Internally Splined Plates 7 9 
Externally Splined Plates 8 10 
TORQUE SPECIFICATIONS 
APL 355 and 365 Axles Ibf.ft Nm kgf.m 
Steering Cylinder Rod to Track 
Rod Ball Joint 
Thread size M22 x 1.5 220 300 30.4 
Thread size M24 x 1.5 260 350 35.9 
Axle Front Support Bolts 200 271 27.6 
Drive Shaft Flange Bolts 58 78 8.0 
Hub Nut Locking Plate Bolt 70 96 9.6 
Steering Stop Bolts 16 22 2.2 
Transfer Box 
Securing Bolts 55 75 7.6 
End Cap Bolts 88 120 12.1 
Hand Brake Retaining Disc Bolts 88 120 12.1 
Solenoid Cover Bolts 18 25 2.5 


For maximum torque specifications of bolts not listed above, refer to torque table overleaf. 


TORQUE LIMITS FOR METRIC ISO THREAD DIN 13 


Bolt Grade 


Nm 
17 

41 
83 
145 
230 
355 
485 
690 
930 
1.200 
1800 
2400 


TORQUE LIMITS FOR METRIC ISO FINE THREAD DIN 13 


Bolt Grade 


Nm Ibf.ft Nm Ibf.ft Nm Ibf.ft 
M8 x 1 23 17 27 20 45 33 
M10 x 1.25 44 32 52 38 88 65 
M12 x 1.25 80 59 95 70 160 118 
M12 x 1.5 76 56 90 66 150 110 
M14 x 1.5 125 92 150 110 250 184 
M16 x 1.5 190 140 225 166 380 280 
M18 x 1.5 275 203 325 240 550 405 
M20 x 1.5 385 284 460 339 770 567 © 
M22 x 1.5 520 383 610 450 1050 774 
M24 x 2 650 479 780 575 1300 958 
M27 x2 970 715 1150 848 1950 1437 
M30 x 2 1350 995 1600 1179 2700 1990 


B. SPECIAL TOOLS 


Description Churchill Nuday 
Tool No. Tool No. 
Axle 
Puller 1003 9516 
Pulling Attachment 951 9190 
Step Plate Set 630S 9210 
Shaft Protector 625A 9212 
Hub Nut Socket APL 355 Axle FT.3155 12235 
Hub Nut Socket APL 365 Axle FT.3156 12236 
Pinion Flange Wrench | FT.3122A 0567 
Swivel Bearing Torque Wrench Adaptor FT.3149A 0566 
Pinion Setting Mandrel and 
Dummy Pinion APL 355 Axle | FT.3157 12237 


Transfer Box 


‘Puller 943 9507 
Slide Hammer 9435S 9567 
Shaft Protector 625A 9212 
Pulling Attachment 952 9526 
Nut Wrench FT.3152 0564 
Brake Disc Spline Aligner FT.3150 0562 
Handbrake Actuator FT.3151 0563 
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_ Chapter 7 
8530, 8630, 8730 AND 8830 TRACTORS INSTALLED 
WITH DANA FOUR WHEEL DRIVE AXLE 


Section Page 
A. DESCRIPTION AND OPERATION 1 
B. FRONT AXLE SERVICEABILITY 3 
C. FRONT AXLE OVERHAUL — STEERING CYLINDERS 4 
D. FRONT AXLE REMOVAL 6 
E. FRONT AXLE DISASSEMBLY 8 
F. DIFFERENTIAL OVERHAUL 13 
G. AXLE SHAFT OVERHAUL 22 
H. CENTRE HOUSING SWIVEL BEARING OVERHAUL 24 
[. SWIVEL HOUSING OVERHAUL 25 
J. HUB OVERHAUL 25 
K. PLANETARY REDUCTION OVERHAUL 27 
L. FRONT AXLE RE—ASSEMBLY 27 
M. TOE IN AND STEERING STOP ADJUSTMENTS 34 
N. FOUR WHEEL DRIVE SLIP FACTOR 35 
O. SPECIFICATIONS 37 


WARNING: When overhauling the axle always ensure the tractor and axle is fully 
supported on axle stands and that the rear wheels are blocked to prevent any 
movement of the tractor. 


A. DESCRIPTION AND OPERATION 


1. Front Axie Assembly 


1. Planetary Reduction 7. Adjustable Stop 
2. Swivel Housing 8. Swivel Pin 
3. Adjustable Stop 9. Pivot Pins 
4. Right Hand Steering Cylinder 10. Track Rod 
5. Differential Unit 11. Centre Housing 
6. Left Hand Cylinder 12. Swivel Pin 
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2. Front Axle Drive Line Schematic 


FRONT AXLE TYPE AND RATIOS 


8530-8630 

AXLE TYPE 070BP144—1 
RATIOS: Overall 21.52 :1 
Crown Wheel and Pinion 41:1 

Planetary Hubs 5.25 :1 


Features: 


The Dana front wheel drive axles feature: 


cl ic 


8730-8830 
070BP144—-3 


e Centrally mounted differential assembly with automatic limited slip differential. 


e Heavy duty reduction hubs, 3 pinion for 8530/8630 and 4 pinion for 8730/8830. 


e Heavy duty swivel pins with tapered roller bearings. 


e Simplified servicing procedures and component access. 


e All seals can be replaced without removing axle. 
e Only 5 axle adjustments. 
e Axle shafts lubricated for life. 


e 18°-—50° Steering angle with 8 position adjustable stops:— 
18°/24°/27°/33°/36°/42°/44°/50°. 


e Detachable power steering cylinders. 


e Adjustable front fenders. 


B. FRONT AXLE SERVICEABILITY 


SPICER®? m INNEAPOLIS, MINNESOTA 
5) 


Sans> 
29548 s/ 
04/10/52 | pate] 


3. Axle Identification Plate 


NOTE: ‘DATE’ (ASSEMBLY DATE) 
04/10/92 
MONTH / DAY / YEAR 


oN f7 7 
SGI 


DAN- REA- 16 DAN-REA- 17 


4. 3 Pinion Hub 5. 4 Pinion Hub 
1. Oil Level and Drain Plug 1. Oil Level and Drain Plug 


Hub Oil Capacity 2.5 US pints (1.4 Litres) 


i <x 


ee 
SJ LR. 


6. Centre Housing 7. Centre Housing 
1. Breather 1. Oil Drain Plug 
2. Oijl Level Plug 


Centre Housing Oil Capacity 26 US pints (14.7 Litres) 
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8. Front Axle Serviceability 


Components serviced with axle installed on tractor: 


Power Steering Cylinders. 

Track Rod 

Reduction Hubs and Oil Seals 

Swivel Housings, Swivel Pin Bearings, Axle Shafts and Oil Seals. 
Pinion Oil Seal 


Components serviced with axle removed from tractor and items above removed. 


MOOD? 


E. Differential Assembly 


When servicing the axle, disassemble, adjust and re—assemble the item to be repaired using the 
illustration sequence shown. Inspect all components for wear and replace all seals. During 
_ re—assembly tighten components to the torques detailed in Specifications. 


C. FRONT AXLE OVERHAUL —- STEERING CYLINDERS 


yj J Se 
! S @)~ 
(OS=-13 


9. Left Hand Steering Cylinder 10. Right Hand Steering Cylinder 
1. Right Turn Hose 3. Cylinder 1. Right Turn Hose 3. Supply Hose 
2. Supply Hose 4. Left Turn Hose 2. Cylinder 4. Left Turn Hose 


11. Removing Cylinder Gland Retainer 
1. Locking Wire 
2. Tool FT 3171 
3. Cylinder Gland 
NOTE: Peg wrench FT 3171 must be 
modified by removing centre lug. 


Carefully grip end of cylinder in vice. 
Do Not distort cylinder. 


12. Steering Cylinder Components 


1. Lock Wire 6. Piston Retaining Nut 

2. Clamp Torque 90-100 Ibf ft (122-135 Nm) 
3. Track Rod End 7.. Cylinder Barrel Assembly 

4. Gland Assembly 8. Piston Assembly 

5. Piston Rod * 


* IMPORTANT: Right hand piston rod is approximately 18 mm longer than left hand rod. 


13. Cylinder Rod Adjustment 
Cylinder Rod 
Clamp Bolt 
Adjustable Steering Stop 
Axle Housing Stop 


PON> 


With adjustable steering stop in 50° position 
and steering on full lock, ensure cylinder has 
not reached end of travel. 
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D. FRONT AXLE REMOVAL 


WARNING: When overhauling the axle always ensure the tractor and axle is fully 
supported on axle stands and that the rear wheels are blocked to prevent movement 
of the tractor. 


Complete axle assembly:— 


e Remove front end frame weights. 

e Block the rear wheels to prevent movement of the tractor. 

e Jack up front of tractor and support tractor with stands under the side frames. 
e Remove front wheels, drive shaft and steering hose connections. 

e Support axle under centre of differential with trolley jack. 

e Remove front support axle retainer bracket. 


e Move axle forward to withdraw rear pivot pin from front support, then lower axle and pull 
clear of tractor. 


ps—12¢ | S306-TB41 
14. Steering Hose Connections 15. Drive Shaft Guide 
1. Manifold Block 1. Front Support Bolt 
2. Right Turn Pressure Hose 2. Front Supports 
3. Left Turn Pressure Hose 3. Rear Support 
4. Rear Support Bolts 


% 


$306-TB42 }~ 
16. Drive Shaft Removal 17. Axle Retainer Bracket 
1. Drive Flange 1. Retaining Bolts (4) 
2. Drive Shaft Yoke 2. Bracket 
3. Pin 
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18. Axle Mounted on Stand 


DAN-D-13 


19. Axle Prepared for Differential Removal 


NOTE: To overhaul the differential assembly the axle must be removed from the tractor. 


E. FRONT AXLE DISASSEMBLY 
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20. Preparation for Hub Removal 21. Removing Planetary Housing 
1. Allen Screws 2. Hub Drain Plug 


Chisel between housing and hub to break 
seal. 
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22. Planetary Reduction 23. Removing Sun Gear Shaft 
1. 3 Pinion Planet . § ; 
Resernbly reese 3 Bing Gear Lever behind sun gear to assist removal. 


«| 


te) 


€© 


24. Ring Gear Removal 25. Ring Gear Removal 
1. Plate 3. Shims 1. Ring Gear 
2. Bolts 4. Splined Support 2. Taper Roller Bearing 


3. Splined Support 
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26. Planetary Reduction Components 


Sun Gear Shaft (16 Teeth) 

Thrust Plate (8 Pinion Reduction) 
Planetary Housing (3 Pinion Reduction) 
Drain—Level Plug 

Planetary Housing (4 Pinion Reduction) 
Planetary Pinions (25 Teeth) 

Needle Rollers 


3 PINION REDUCTION 


. Thrust Plate (4 Pinion Reduction) 
. Bearing Spacer 

. Retaining Clip 

. Ring Gear (68 Teeth) 


Shims 


Retainer Plate 


Bolts 


4 PINION REDUCTION 
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27. Hub Removal 28. Swivel Housing Removal 
1. Oil Seal Assembly 3. Dust Seal 1. Swivel Housing 3. Track Rod 
2. Inner Bearing 2. Swivel Pin 4. Shims 


29. Swivel Housing Separated 30. Axle Shaft Retainer 
1. Retaining Bolt (3) 
2. Retainer Plate 
NOTE: Drain oil from centre housing before NOTE: Retainer plate is Loctited to the 
removing axle shat. centre housing. 
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31. Axle Shaft Removal 32. Removing Axle Shaft 
1. Pry Bar 1. Universal Joint 3. Axle Shaft *. 
2. Retainer Plate 
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33. Hub — Exploded View 


1. Bearing Cup 5. Oil Seal 

2. Outer Bearing 6. Bearing Cup 
3. Wheel Stud Hub 

4. Inner Bearing 


34. Swivel Pin Bearings 35. Swivel Housing Assembly 
1. Bearing Cup 1. Retaining Bolt 
2. Axle Housing 2. Swivel Housing 
3. Oil Seal 3. Shims 
4. Grease Retainer 4. Grease Nipple 
5. Taper Roller Bearing 5. Bushing 
6. Oil Seal 
7. Swivel Pin 


* NOTE: The axle shaft insialled in the right hand side of the axle housing is approximately 
33 mm longer than the shaft in the left hand side. 
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36. Differential Carrier Housing 37. Differential Removal 
Retaining Bolts 1. Locating Bolts 


Support and slide differential from dowels 
using two suitable length locating bolts. 
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38. Differential Removed 39. Centre Housing 
1. Differential Locating Pads 


Pull differential from locating pads in axle 
centre housing. 


40. Differential Assembly 
Crown Wheel 
Differential Bearing Cap Bolts 
Differential Case 
Differential Bearing Cap 
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F. DIFFERENTIAL OVERHAUL 


SPECIAL TOOLS 


41. Pinion Tools | 42. Differential Overhaul Tools 
1. Drive Flange Wrench Local Fabrication 1. Differential Bearing Preload Adjuster Wrench 
2. Drive Flange Installing Tool FNH00408 FNHO00409 


Handle and Shaft FNHO0401/2 
Threaded Spacer FNHO0403 


3. Oil Seal Installing Tool FNH00410 2 
3. 
4. Gauge Block FNH00404 
5. 
6 


Sleeve FNH00406 
Gauge Block FNH00407 


Drive Flange Wrench Tool Dimensions 


Fabrication from 10 mm thick mild steel plate. 


F G 
A = 40 mm F = 110 mm 
B = 220mm G = 46 mm 
C = 140 mm H = 65 mm 
D = 95 mm J 9mm 
E = 10 mm 
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43. Differential Removal 44. Differential Assembly 
1. Bearing Cap 4. Adjuster 1. Crown Wheel! Bolts 
2. Bearing Cone 5. Lock Plate 2. Differential Casings 
3. Differential 6. Housing 3. Differential Bolts 
4. Crown Wheel 
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45. Separating Differential 46. Slackening Pinion Nut 
1. Casing Alignment Marks. Drive Flange Tool 
Socket 
3/4 in. Square Drive Bar 


aN 


47. Removing Drive Flange 48. Removing Pinion Bearing 
1. Puller Tool No. 1001 1. Bearing Clamp Tool No. 951 


2. Drive Flange Tool 
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49. Differential Assembly — Exploded View 


Separator Plate 


. Differential Lock Clutch Pack 


Half Casing 

Pinion Drive Shaft (10 Teeth) 

Inner Taper Roller Bearing 

Pinion Engagement (Positioning) Shims 
Adjuster Lock Plate 

Bearing Preload Adjuster 

Bearing Preload Shims 


. Outer Taper Roller Bearing 
. Oil Slinger 


. Dust Shield 

. Pinion Oil Seal 

. Side Gear 

. Spider 

. Pressure Plate 

. Spider Gears 

. Differential Bearing 

. Half Casing 

. Crown Wheel (41 Teeth) 
. Internally Splined Plate 
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COMPONENT INSPECTION 
Check following items for wear or damage to determine if replacement parts are required:— 
e Crown wheel and pinion teeth. 


e Differential side gear teeth. 


Differential lock plate surfaces and splines. 


e Bearings and cups. 


The crown wheel and pinion is supplied as a matched set. Pinion bearing engagement shim 
check and adjustment must be carried out if new parts are fitted. 


50. Differential Adjustments 
1/2. Adjusting Rings for Differential Bearing Preload 
and Crown Wheel to Pinion Backlash 
3. Pinion Teeth Engagement Shims 
4. Pinion Bearing Preload Shims 


51. Installing Bearing Cups 52. Pinion Engagement Shim Tools 
1. Sleeve FNHO0406 
2. Gauge FNH00404 
3. Spacer FNH00403 
4. Tool FNH00401/2 


Install inner bearing cups. Do Not install inner bearing cup shims. 


Install pinion engagement tools 
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53. Determining Pinion Shim Thickness 54. Installing Selected Shims 

1. Pinion Correction Marking 1. Shims 

2. Shims 2. Bearing Cup 

3. Sleeve FNH00406 

4. Feeler Gauge (Dimension A) 

5. Gauge Block FNH00404 

Bearing Cap Bolt Torque Shim Thicknesses Available :-— 
180-200 Ibf ft 0.003 / 0.005 / 0.010 in 
(240-270 Nm) (0.075 / 0.125 / 0.25 mm) 


Pinion Engagement Shim Thickness Calculation Procedure: 

With reference to Figure 52 and Figure 53:— 

(i) Measure clearance between gauge block and sleeve (Dimension A). 

(ii) Note pinion correction marking etched on end of pinion. Refer to item 1 Figure 53. 


(iii) If pinion marking is positive (+) subtract this value from Dimension A. 
If pinion marking is negative(—) add this value to Dimension A. 


(iii) Install shims to the value calculated in (iii), behind the pinion bearing cup. 
Refer to Figure 54. 


EXAMPLE : 1 2 3 


DIMENSIONA — : 0.030 ins. (0.75mm) 0.030 ins. (0.75mm) 0.030 ins. (0.75mm) 


PINION CORRECTION 
MARKING > + 90.004 ins. (0.1mm) -— 9.002 ins. (0.05 mm) NONE NONE 


SHIM THICKNESS 
REQUIRED 0.026 ins. (0.65 mm) 0.032 ins. (0.80 mm) 0.030 ins. (0.75mm) 


NOTE: Pinion marking is in Imperial (in) dimensions. 


55. Installing Pinion Bearing 
1. Sleeve — NH Part No. 356370 


DAN -DO- 10 
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Shs 


56. Assembling Pinion Components 


1. Pinion and Bearing 6. Washer 

2. Housing 7. Drive Flange 

3. Spacer 8. Oil Slinger 

4. sean 9. Bearing Preload Shims 
5. ut 


Install bearing preload shims of same thickness to that removed during disassembly and 
re—assemble pinion as shown in Figure 56. 


NOTE: Do Not install oil seal and dust shield until after the pinion bearing preload turning 
torque has been adjusted and pinion engagement checked as shown in Figures 59 and 60. 


DAN-DO-12 DAN-DO-13 

57. Installing Drive Flange 58. Tightening Pinion Nut 
1. Drive Flange 2 
2. Tool FNH00408 Pinion Nut Torque: 


240-300 Ibf ft (325-410 Nm) 
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59. Checking Pinion Bearing Preload Turning 
Torque 


Using torque meter adjust bearing preload 
torque to 20—40 Ibf in (2.5—4.5 Nm). 


To increase torque, reduce pinion bearing 
shim pack thickness. 


To decrease torque increase pinion bearing 
shim pack thickness. 


60. Verifying Pinion Engagement 61. Installing Dust Shield 
1. Sleeve FNHO00406 
2. Pinion 


3. Gauge Block FNH00407 


Dimension measured using feeler gauge must be 0.020 in (0.508 mm) plus or minus correction 
dimension marked on end of pinion. 

Using Example 1 on Page 17, the dimension in Figure 60 should be 

0.020 in—0.004 in = 0.016 in (0.4 mm) 
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62. Installing Pinion Seal 63. Installing Pinion Seal 
1. Tool No. FNH00410 
2. Oil Seal 


Install drive flange and nut, see Figures 57 and 58. Recheck and record pinion bearing preload 
turning torque which should be 20-40 Ibf in (2.5—4.5 Nm) if new bearings have been installed. 
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pS 
64. Installing Differential Bearings 65. Crown Wheel Retaining Bolts 
1. Adaptor FT 3161 Bolt Torque: 120—140 Ibf ft (165—190 Nm) 
2. Bearing 
(ki is =) Zz 
\ OH Rd PS 4 —_ 
AW Sarde ||-~—4 - 


Installing Spider Assembly 
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66. Installing Differential Lock Plates 


1. Side Gear 1. Spider and Gear Assembly 
2. Separator Plates 2. Side Gear 

3. Internal Splined Plate 3. Spider Shaft Location 

4. Pressure Plate 4. Spider Shaft 


Lubricate differential lock plates with clean axle oil before assembly 


68. Reassembling Differential Housings 69. Tightening Differential Bolts 
1. Casing Alignment Marks Bolt Torque: 95-100 Ibf ft (130-135 Nm) 
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70. Locating Differential Assembly 71. Preload/Backlash Adjustment 
1. Bearing Cups 1. Tool FNHO0409 


Crown Wheel To Pinion Backlash 
Adjustment 


e Locate differential assembly and install 
bearing cups and adjusting rings. Tighten 
bearing cap bolts finger tight. 


e Using tool FNHO00409 turn adjuster rings 
equally to obtain crown wheel to pinion 
backlash of 0.009 in (0.225 mm). 


e While maintaining backlash, tighten each 72. Differential and Pinion Bearing 
adjuster ring to a torque of 85—95 Ibf ft Preload Check 
(115-129 Nm). 


e Using dial indicator gauge measure 
backlash and turn each adjuster ring by 
equal amounts until the backlash is 
0.005-0.009 in (0.125—0.225 mm). 


e Measure combined differential and pinion 
bearing turning torque, Figure 72. Torque 
should 5—10 Ibf in (0.5- 1.1 Nm) greater 
than pinion bearing torque measured with 
oil seal installed on Page 19. 


e Tighten bearing cap bolts to a torque of 
175-195 Ibf ft (237-264 Nm). 
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73. Tightening Differential Bearing Cap Bolts 


e Install bearing adjuster locking plates at a te Mbpening ate 


torque of 15—17 Ibf ft (20-23 Nm). 
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G. AXLE SHAFT OVERHAUL 


74. Axle Shaft — Exploded View 


1. Retaining Bolt 9. H — Member 
2. Oil Seal 10. Retaining Clip 
3. Dust Seal 11. Spider 

4. Yoke 12. Axle Shaft 

5. Oil Seal 13. Collar 

6. Snap Ring 14. Bearing 

7. Needle Rollers and Cup 15. Retainer Plate 
8. Spider 


75. Axle Shaft Assembly 76. Removing Collar and Bearing Using 
1. H— Member 3. Spiders Hydraulic Press 
2. Yoke 4. Axle Shaft 
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COMPONENT INSPECTION AND REPAIR 


Inspect axle shaft assemblies for wear or damage to determine replacement parts required. 
Service assemblies or kits are available :— 


Complete axle shaft and universal joint assembly (all items Figure 74) 
Axle shaft assembly (items 2, 12, 13, 14, and 15, Figure 74). 
Universal joint kit. 


lf axle shaft oil seal is to be replaced use hydraulic press to remove and replace axle shaft as 
shown in Figures 76, 77, 78, 79 and 80. 


DAN - DS - 4 
77. Replacing Bearing 78. Replacing Oil Seal 
1. Adaptor FT 3161 1. Adaptor FT 3161 
2. Bearing 2. Oil Seal 
3. Retainer 3. Retainer 


79. Installing Axle Shaft __ 80. Installing Needle Roller Bearing 
1. Axle Shaft 1. Needle Bearing Assembly 
2. Retainer Assembly 2. Adaptor 
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H. CENTRE HOUSING SWIVEL BEARING OVERHAUL 
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81. Swivel Bearing Removal 82. Removing Bearing Cup 
Oil Seal 1. Slide Hammer FT 943S 
Grease Retainer 2. Bearing Cu 
Bearing Cup 3. Extractor FT 943 


Taper Roller Bearing 


To remove swivel bearings— 


e Remove oil seal and taper roller bearing. 


e Drive grease retainer through the hole in 
the axle housing lug using a punch. 


e Useslide hammer to remove bearing cup. 


To replace swivel bearings:— 


e Clean housing bore, apply Loctite 


83. Swivel Bearing Components sealant 515 to grease retainer and drive 
Bearing Cup into position. 
Axle Housing 
Oil Seal 


Grease Retainer 
Taper Roller Bearing 


e Fit new bearing cup, bearing and oil seal. 
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I. SWIVEL HOUSING OVERHAUL 


84. Swivel Housing 85. Replacing Oil Seal 
1. el F 1.* Drive Handle 
2. Swivel Housing 2.* Step Plate 
3. Oil Seal 3. Bushing 
4. Oijl Seal 


* Part of 818 Bushing Kit 


Using drive handle and step plate, drive bushing inwards to remove oil seal. 


Install bushing and then oil seal using drive handle and step plates. 


J. HUB OVERHAUL 


86. Hub Overhaul Tools 
1. Seal/Bearing Installer FNH00411 
2. Rolling Torque Checking Tool FNH00413 


COMPONENT REMOVAL 


With reference to Figure 87. 


The bearing cups can be driven outwards using hammer and punch; the oil seal and inner 
bearing will be removed when removing inner bearing cup. 


The inner bore of the hub casting is machined to allow access to the inner face of the bearing cup. 
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87. Hub Components 


1. Outer Bearing Cup 4. Taper Roller Bearing 6. Inner Bearing Cup 
2. Taper Roller Bearing 5. Oil Seal 7. Hub 
3. Wheel Stud 


\ 
DAN - HUB - 2 
88. Installing Bearing Cone 89. Bearing Location 
1. Adaptor FNH00411 1. Oijl Seal 
2. Bearing Cup 2. Taper Roller Bearing 


NOTE: /f the hub bearing preload is to be 
checked, reference page 30, Do Not install 
the hub oil seal at this stage. 
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90. Installing Hub Oil Seal 
1. Adaptor FNHO0411 
2. Oil Seal 
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K. PLANETARY REDUCTION OVERHAUL 


91. Planetary Hub Reduction Components 
leper | 7. Ring Gear 
Thrust Plate 8. Shims 


Needle Rollers 9. Retaining Rings 
Spacer 10. Thrust Plate 
Sun Gear Shaft 11. Planetary Gear 


PAP ay 


Retainer Plate 


Inspect components for wear or damage to determine parts to be replaced. 
The planetary reduction housing is serviced complete with pinion support shafts. 


All parts are interchangeable between 3 and 4 pinion reduction gear except for the housing and 
thrust plates (refer to page 9). 

Use hydraulic press and bearing clamp to remove ring gear bearing: install new bearing as 
shown below: 


92. Installing Ring Gear Taper Roller Bearing 
1. Adaptor FT—-3161 
2. Taper Roller Bearing 
3. Ring Gear 
4. Flat Spacer N 804659-—S36 


L. FRONT AXLE RE-ASSEMBLY 
When re—assembling the front axle follow the illustration sequence shown and observe the 
following :— 


e Apply loctite sealant 515 to:— 
Differential mounting face, 2 locating dowels and 8 holes threaded through the axle 


casting. Refer to Figure 94 and Figure 96. 
Axle shaft retainer plate, Figure 97. 


e Apply loctite sealant 271 to the hub retainer plate bolt threads. 


e Where new bearings have been installed it is essential that the swivel housing turning 
torque and hub bearing preload adjustments are also performed as shown in Figure 100 


to Figure 110. 
e Tighten all bolts to the specified torque. 
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93. Centre Housing 94. Differential Installation 
1. Differential Locating Pads Apply Loctite sealant 515 to mating faces. 


neue }-5 4; 
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95. Differential Installation 96. Differential Retaining Bolts 


1. Locating Bolts Bolt Tightening Torque 
140-160 Ibf ft (190-217 Nm) 


Apply Loctite sealant 515 to the 8 bolt holes threaded through casting 


97. Axle Shaft Installation 98. Axle Shaft Retainer Plate 
1. Retaining Bolts 1. Retaining Bolts 
2. Loctite Sealant 515 2. Retainer Plate 
3. Retainer Plate Tightening Torque 35—45 Ibf ft (47-61 Nm) 


NOTE: Right hand axle shaft is approximately 33 mm longer than left hand shatt. 
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NOTE: At this stage of re-assembly the front axle may be installed to the tractor front support or 
alternatively, the axle may be fully re-assembled before installation to the tractor. 


SWIVEL PIN BEARING ADJUSTMENT 


DAN - ee 


99. Swivel Housing Installation 100. Swivel Pin Installation 


|, Swivel Housing 5 Peper Sel Pi 
e. eeneone 3. Lower Shims : 0.015 in (0.375 mm) 
4. Upper Shims : 0.015 in (0.375 mm) 
e Coat swivel pins and bearings with No 2 Shims are available in the following sizes: 
Lithium grease. 0.002 / 0.006 / 0.010 / 0.015 / 0.030 in 


(0.05 / 0.15 / 0.25 / 0.375 / 0.75 mm) 


NOTE: Ensure shims installed are 
divided equally between the upper and 
lower swivel pin. 


e Position swivel housing onto axle housing 
and ensure that yoke is guided into swivel 
housing bore. 


e After selection of shim install new swivel 


e Install 0.015 in (0.375 mm) shim pack pin oil seals. 


beneath the upper and lower swivel pins 
then tighten swivel pin retaining bolts 
evenly to 100-115 Ibf ft (186-155 Nm). 


e Turn swivel housing to the right and 
position torque meter on a swivel pin bolt. 


e Measure torque required to turn swivel 
housing. 


e If turning torque is not within specification 
of 8—15 Ibf ft (11-20 Nm), adjust shim | 
thickness until correct torque is achieved. 101. Checking Swivel Housing Turning T 
Reducing shim thickness will increase Pera ere mee Ginastera 
turning torque. Increasing shim thickness 
will reduce torque. 
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HUB BEARING PRELOAD ADJUSTMENT 
(HUB BEARING ROLLING RESISTANCE) 


—— 


102. Locating Hub on Swivel Housing 103. installing Ring Gear 
‘ : 1. RingG 
NOTE: Dust seal and oil seal are not fitted at 2. Taper Roller Bearing 
this stage. 3. Splines 


=a(( 
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104. Installing Retainer Plate Without Shims 105. Tightening Retainer Bolts 


Tighten retainer plate bolts evenly and slowly 
until a hub bearing rolling resistance of 
50-90 Ibf in (6-10 Nm) is obtained. 


106. Measuring Hub Rolling Resistance with 
Sun Gear Installed 
1. Tool FNH00413 
2. Torque Meter 
Reading 50-90 lbf in (6-10 Nm) 


Calculate hub bearing preload shim 
thickness as follows:— 


e Using depth micrometer measure depth 
from retainer plate to end of splined 
shaft on swivel housing. Call this 
Dimension A. 


e Measure thickness of retainer plate. Call 
this dimension B. 


107. Determining Shim Thickness 
e Shims thickness required = A-B. Required for Preload 
Depth Micrometer 
Retainer Plate 
Measuring Hole 


OrM> 


Shim Thicknesses Available: 
0.002 / 0.003 / 0.005 / 0.010 / 0.020 / 0.030 in 
0.05 /0.075/ 0.125 /0.25/0.5/ 0.75 mm 


(© 


108. Installing Selected Shims and 109. Installing Sun Gear Shaft 
____ Retainer Plate Ensure shaft is engaged into axle shaft yoke 
Torque Retaining Bolts to:— snap ring. 


65-75 Ibf ft (88-102 Nm) 


110. Checking Hub Rolling Resistance 
with Shims Installed 
1. Tool FNH00413 
2. Torque Meter Reading 
Reading 50-90 Ibf in (6-10 Nm) 


Recheck hub bearing rolling resistance and 
If not to specification adjust shim thickness. 
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HUB AND PLANETARY GEAR REDUCTION 


111. Installing Hub Oil Seal 
1. Adaptor FNH00411 
2. Oil Seal 


After confirming hub bearing _ rolling 
resistance remove ring gear and hub to install 
hub dust and oil seals. 


Locate inner taper roller bearing into the hub, 
refer to Figure 91. and press oil seal into 
position. 


112. Installing Dust Seal 113. Installing Hub 
1. Dust Seal 1. Oil Seal 3. Dust Seal 
2. Seal Location 2. Bearing 
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114. Installing Retainer Piate 115. Planetary Hub Installation 
1. Retainer Plate 3. Shims Bolt Torque 65-75 Ibf ft (88—102 Nm) 
2. Bolts 4. Splined Shaft 


Apply Loctite 271 to retainer plate bolts 
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116. Planetary Hub Installation 
Planetary Housing 
Sun Gear 
Ring Gear 


oN 


Apply Loctite sealant 515 to mating 
surfaces. 


Tighten hub flange Allen screws. 


Nes aE, 


117. Left Hand Steering Cylinder 118. Right Hand Steering Cylinder 
Bale Turn Hose 1. Right Turn Hose 
ey ledor Hose 2. Cylinder 
inder 3 
4 


Supply Hose 
oe Turn Hose 


nace alae 


Left Turn Hose 


Torque cylinder/track rod ball end joint nuts to a torque of 140 Ibf ft (190 Nm) and further tighten 
until split pin can be installed. 


119. Cylinder Rod Adjustment 
1. Cylinder Rod 
2. Clamp Bolt — Torque 60—70 Ibf ft (82-95 Nm) 
3. Adjustable Steering Stop 
4. Axle Housing Stop 
With adjustable steering stop in 50° position 
and steering on full lock, ensure cylinder has 
not reached end of travel. 


a2 


With reference to page 11, replace front axle onto the tractor in the reverse sequence of removal. 


Refill centre housing and reduction hubs with oil to Specification ESW —M2C105—A or 
ESN — M2C134 — D. 


Replace front wheels and carry out front axle ‘toe in’ check and if required, adjust to obtain correct 
‘toe in’ of O-6 mm (0-0.25 ins.). 


M. TOE IN AND STEERING STOP ADJUSTMENTS 


Toe In Adjustment 


120. Track Rod — Left Hand End 121. Track Rod — Right Hand End 


Slacken track rod clamps (1) and turn track rod to move steering arms (2) to correct ‘toe in’ 
dimension of 0—0.25 in. (0-6 mm). Refer to page 38 for nut tightening torques. 


Tighten cylinder and track rod clamp nuts to a torque of 60—70 Ibf ft (82-95 Nm). 


Steering Stop Adjustment 


DAN-REA-11A 
. 122. Steering Stops 123. Steering Stop Adjustment Angles 
1. Pin 4. Holes Allow maximum steering angle without tyres 


Stop 5. ‘R’ Clip 
3. Housing Stop contacting frame on full lock. 


CHAPTER 7 
N. FOUR WHEEL DRIVE SLIP FACTOR 


To achieve the maximum tractor efficiency and tyre life, the four wheel drive system must have a 
slip factor of 1—6% (i.e. front wheels drive faster than rear). 


The slip factor is calculated by a simple formula:— 


% SLIP _ EWD FACTOR X "FRONT WHEEL ROLLING CIRCUMFERENCE ~ 1X 100 
° - *REAR WHEEL ROLLING CIRCUMFERENCE 


*Weighting and tyre pressures for site work. 
NOTE: Where radial ply tyres are used, the rolling circumference must be multiplied by 1.015. 


= REAR AXLE RATION 
FWD FACTOR = FRONT AXLE RATIO X TRANSFER BOX RATIO 


To ensure correct front and rear wheel compatibility, where manufacturer's rolling circumference 
figures are not available, establish front and rear loaded wheel rolling circumferences on hard 
level surface with tyre pressures and weights as for normal operation. 


e Mark point where front and rear tyres contact the ground using a plumb line. 


e Ensure 4 wheel drive is DISENGAGED. 


e Drive stowly forward in 1st gear until the front and then rear wheel marks contact the 
ground, marking the ground in both cases. 


e Measure the distance between the respective front and rear wheel first and second 
marks, which are the respective loaded wheel rolling circumference. 


e Use figures in above formula to calculate % slip, which must be 1-6%. 
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DRIVE LINE SCHEMATIC 


TRANSFER BOX A 
A Pinion Drive Gear 30 
| Idler Gear 32 
B Transfer Box Output Gear _28 
TRANSFER BOX RATIO 1.071 
FRONT AXLE 
C Crown Wheel 
D Pinion 


Crown Wheel/Pinion Ratio 
E Ring Gear 
F Sun Gear 
* Planetary Ratio 
FRONT AXLE OVERALL RATIO 


REAR AXLE 
C Crown Wheel 
D Pinion 


Crown Wheel/Pinion Ratio 
E Ring Gear 
F Sun Gear 
* Planetary Ratio 
REAR AXLE OVERALL RATIO 


NOTE: *PLANETARY REDUCTION = 


or 


or 


9.625 : 1 
67t 
17t 

4.94 :1 


27.79 :1 


Ring Gear Teeth + Sun Gear Teeth 
Sun Gear Teeth 


REAR AXLE RATI 


FOUR WHEEL DRIVE FACTOR = 


FOUR WHEEL DRIVE FACTOR 


1.336 (29/32 Ratio Transfer Box) 


1.383 (28/32 Ratio Transfer Box) 
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FRONT AXLE RATIO X TRANSFER BOX RATIO 


O. SPECIFICATIONS 


TYPE: 


Dana heavy duty, centre driven, double reduction (crown wheel and pinion 


and pinion plus planetary hubs. 


STEERING TURN ANGLE 
(Dependent on track setting) 


AXLE OSCILLATION ANGLE 


OVERALL WIDTH 
(Wheel Mounting Flange) 


AXLE WEIGHTS 


MAXIMUM LOAD CAPACITY 


MINIMUM TURNING RADIUS (50°) 
(14.9 X 28 Tyres) 


CLEARANCES AND ADJUSTMENTS 


Front Wheel Toe—In 


Axle Hub Bearing Rolling Resistance 


Swivel Housing Turning Torque 


Pinion to Crown Wheel 
Bevel Tooth Engagement 


Pinion Bearing Rolling Resistance 
Pinion to Crown Wheel Backlash 


Differential Bearing Rolling Resistance 


50° max 


12° 


75.2 in (1910 mm) 


8530 : 8630 — 1360 Ib (618 kg) 
8730 : 8830 — 1380 Ib (627 kg) 
8530 : 8630 — 8100 Ib (3680 kg) 
8730 : 8830 — 10150 Ib (4610 kg) 


WITHOUT BRAKES 
199 in. (5.0 meters) 


WITH BRAKES 
176 in. (4.4 meters) 


0-0.25 in (.0-6.0 mm) 


50-90 Ibf in (6-10 Nm) 

Adjustable by Shims 

0.002 / 0.003 / 0.005 / 0.010 / 0.020 / 0.030 in 
0.05 / 0.075 /0.125 /0.25/0.5/ 0.75 mm 


8-15 Ibf ft (11-20 Nm) 
Adjustable by Shims 

0.05 / 0.15 / 0.25 / 0.375 / 0.75 mm 
0.002 / 0.006 / 0.010 / 0.015 / 0.030 in 


Adjustable by Shims 
0.003 / 0.005 / 0.010 in 
0.075 /0.125/0.25 mm 


20-40 Ibf in (2.5-4.5 Nm) 
0.005-0.009 in (0.125-0.255 mm) 


5-10 Ibf in (0.5-1.1 Nm) | 
Greater than pinion bearing rolling resistance and 
adjusted by tightening/loosening bearing rings. 
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TIGHTENING TORQUES 


LBF.FT. Nm a 
oy 
DIFFERENTIAL BEARING CAP BOLTS 180-200 240-270 
DIFFERENTIAL BEARING ADJUSTING 
RING LOCK TAB RETAINING BOLTS 35—40 47-54 
PINION NUT 240-300 325-410 
CROWN WHEEL RETAINING BOLTS 120-140 165-190 
DIFFERENTIAL HOUSING BOLTS 95-100 130-135 
DIFFERENTIAL TO AXLE HOUSING BOLTS 140—160 190-217 
AXLE SHAFT RETAINER BOLTS 35—45 47-61 
SWIVEL PIN RETAINING BOLTS 80-90 108-122 
RING GEAR RETAINING PLATE BOLTS 65-75 88-102 
CYLINDER/TRACK ROD BALL END NUT 140 Min* 190 Min* 
CYLINDER/TRACK ROD CLAMP NUTS 60-70 82-95 / 
* Tighten further to fit split pin if required. 
LOCTITE USAGE 
SPECIFICATION LOCTITE NUMBER USAGE 
ESK M4G247-A2 243 or 542 e Differential housing to axle 
Thread Sealant casing bolts 
e Crown wheel bolts 
e Axle shaft retainer plate bolts 
ESE M4G203-A2 270 or 271 * Axle pivot support retaining 
Thread Sealant bolts 
| e Planetary hub retainer plate bolts 
ESK M4G269-A 515 e Planetary carrier to hub 
Flange Sealant | : e Differential casing to axle 
| | casing 
| | e Axle shaft retainer plate 

LUBRICANT SPECIFICATIONS | 
ESW — M2C105-A or ESN — M2C134 — D a, 


Hub Oil Capacity 2.5 US pints (1.4 Litres) 


Centre Housing Oil Capacity 26 US pints (14.7 Litres) 


SPECIAL TOOLS 
Description Tool No 

Handle FNHOO401 
Shaft FNHOOQ402 
Threaded Spacer FNHO00403 
Gauge Block FNHO0404 
Adaptor FNHO00405 
Sleeve FNHOO406 
Gauge Block FNHOO0407 
Drive Flange Installer FNHO00408 
Differential Bearing Preload Adjuster Wrench FNHOO409 
Oil Seal Installer FNHO00O410 
Seal/Bearing Installer FNH00411 
Combination Step Plate FNHOO412 
Rolling Torque Checking Tool FNH00413 
Adaptor FT.3161 
Steering Cylinder Gland Nut Wrench FT.3171 


Bearing Pulling Attachment FNH09190 or 951 


Puller FNHO09196 or 1001 
Puller FNHO09507 or 943 
Bushing Kit FNHO09514 or 818 


FNHO9564or FT.943 
FNH09567 or 943S 


Puller Legs 


Slide Hammer 
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FRONT AXLE 


Chapter 8 
CARRARO TRANSFER BOX FOR 8530, 8630, 8730 
AND 8830 TRACTORS INSTALLED WITH 
DANA FOUR WHEEL DRIVE AXLE 


Section Page 
A. DESCRIPTION AND OPERATION 2 
B. TRANSFER BOX IDENTIFICATION 4 
C. SOLENOID VALVE REPLACEMENT 4 
D. TRANSFER BOX REMOVAL 5 
E. TRANSFER BOX DISASSEMBLY 6 
F. TRANSFER BOX COMPONENT OVERHAUL 10 
G. TRANSFER BOX RE—ASSEMBLY 12 
H. TRANSFER BOX INSTALLATION 17 
l. 40 koh FOUR WHEEL DRIVE BRAKING 19 


In April 1992 the four wheel drive axle the ZP APL 355 and 365 range of axles were replaced with 
the Dana 3 and 4 pinion range of four wheel drive axles.In conjunction with this change a new 
Carraro design transfer box was also introduced. 


When overhauling the transfer box, disassemble and re—assemble the components using the 
illustration sequence shown. 


Where a specific torque or adjustment is required the procedure necessary to perform the task is 
detailed at the appropriate illustration. 
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1. Transfer Box Sectional View 


1. Idler Gear and Shaft (382 Teeth) 5. Piston/Dog Clutch 
2. Check Valve 6. Output Shaft 

3. Wet Disc Brake 7. Oil Gallery 

4. Driven Gear and Dog Clutch (28 or 29 Teeth) 


A. DESCRIPTION AND OPERATION 


The transfer box is mounted under the rear 
axle centre housing and through a universally 
jointed drive shaft, connects the output from 
the main transmission to the four wheel drive 
axle. 


A straight cut gear mounted on the rear axle 
pinion shaft transmits the drive through a 
mating idler gear in the transfer box to a 
driven gear on the output shaft, Figure 1. 


The ratio of the transfer box is determined by 
the number of teeth on the driven gear. 


Two ratios of transfer box are available to suit 
the various front and rear tyre size options 


and are stamped onto an identification plate 
on the side of the housing. Refer to Figure 3. 


The transfer box features a simple dog type 
clutch which is mechanically engaged and 
hydraulically disengaged. 


Low pressure hydraulic system oil pressure is 
used to operate the dog clutch and is 
controlled by solenoid valve actuated by a 
dash mounted switch. 


Operation of the clutch is as described with 
reference to Figure 2. 
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2. Transfer Box Clutch Operation Schematic 


A. Four Wheel Drive Disengaged 


1. Driven Gear 
2. Check Valve 
3. Return Springs (4 off) 


DISENGAGEMENT 


When the solenoid valve is actuated, oil flow 
is directed through a transfer tube to the 
centre bore of the output shaft. Oil pressure 
seats the double check valve located in the 
output shaft bore, but also opens the inner 
check valve to flow to the piston. 


Oil pressure builds up until the piston (i.e. 
sliding clutch) moves against the springs, 
disengaging the driven gear. 


ENGAGEMENT 


When the solenoid valve is deactivated, oil 
pressure is released in the centre bore. 


The sliding clutch springs move the coupling 
towards the driven gear, oil pressure in the 
piston area opens the check valve, which 
allows a quick release of oil pressure to 
sump, and rapid spring engagement of the 
dog clutch. 


B. Four Wheel Drive Engaged 


4. Output Shaft 
5. Piston and Sliding Clutch 


40 km/h Ratio Powershift Transmission 
models feature automatic engagement of 
Four Wheel Drive when both tractor foot 
brakes are applied to provide four wheel 
braking. 


When the brake pedals are depressed an 
electrical switch on the brake pedal housing 
deactivates the circuit to the transfer box 
solenoid and engages the four wheel drive 
axle. 


The electrical circuit for operation of four 
wheel drive braking is shown at the rear of 
this chapter. 


TRANSMISSION PARKING BRAKE 


The wet disc brake is operated by the hand 
brake lever and cable. Braking is applied to 
front and rear axles with the engine shut off or 


_ when operating in four wheel drive. 


B. TRANSFER BOX IDENTIFICATION 


RATIOS FWD FACTOR 
29/32 1.071 :1 1.336 
28/32 1.034 : 1 1.383 


'28’ or '29’ Refer to the driven gear teeth fitted 
in production. 


'32’ Refers to the idler gear teeth. The pinion 
drive gear has 30 teeth. 


3. Transfer Box Identification Plate 


C. SOLENOID VALVE REPLACEMENT 


4. Solenoid Valve Access 5. Removing Solenoid 
1. Electrical Conduit Solenoid 
2. Valve Cover Retaining Nut 


1. 
2. 

3. Low Pressure Connection 3. Cover and Gasket 
4. Wiring Connector 


A aK 


6. Removing Valve Assembly 7. Solenoid Valve Assembly 
1. Valve Assembly 
2. ‘O’ Rings 
3. Retaining Nut 
4. Solenoid 
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D. TRANSFER BOX REMOVAL 


TRANSMISSION — REAR AXLE 
OIL CAPACITY : 26.4 US Galls (96 Litres) 


Ensure availability of large clean container 
before removing drain plug. 


ace 


$306 - TB3 


8. Transfer Box Oil Drain 
1. Drain Plug 


9. Transfer Box Removal 10. Transfer Box Removal 
1. Parking Brake Cable Clevis Pin 1. Electrical Conduit 
2. Suction Pipe Connection 2. Low Pressure Pipe 


11. Drive Shaft Guard Removal 
Front Support Bolt 
Front Support 
Rear Support 
Retaining Bolts 
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12. Drive Shaft Removal 13. Transfer Box Removal 
1. Drive Flange 1. Drive Shaft - Remove Forwards 
2. Drive Shaft Yoke 2. Trolley Jack 


E. TRANSFER BOX DISASSEMBLY 


14. Transfer Box Removed 
Idler Gear 
Brake Assembly 
Brake Actuator and Linkage 
Output Shaft 
Dog Clutch 


lca he dae 


DISASSEMBLY SEQUENCE:- 


e Idler Gear Assembly. 

e Front End Plate. 

e Rear End Plate. 

e Output Shaft Assembly. 
e Brake Plates. 


e Brake Actuator and Linkage. 
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15. Removing Drive Shaft Locating Pin 16. Idler Gear Removal 


1 

2. 

3. Thrust Washers 
4, 


Drive pin carefully into the shaft to allow Needle Rollers 


removal. 
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18. Removing Front End Plate 


19. Front End Plate Removed 
Bearing Cup 
Taper Roller Bearing 
‘O’ Ring 
Combination Seal 
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S306 - TB11 S306 - TB12 
20. Rear End Plate Retaining Bolts 21. Rear End Plate Removed 
1. Shims 
2. Plate and ‘O’ Ring 
3. Check Valve 
4. ‘O'Ri 


O’ Ring 


rani < 
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22. Output Shaft Removal 23. Output Shaft Removal 
1. Output Shaft 
2. Adaptor 
5. Drive Handle The output shaft assembly is removed from 


the front of the housing after driving the shaft 
out of the rear bearing. 
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24. Removing Brake Locating Shaft Pins 25. Removing Front Brake Plates 
1. Brake Actuating Locating Shaft 1. Friction Plate 
2. Brake Actuating Locating Shaft 2. Brake Plate Locating Shaft 
"4 Separator Plate 


Friction Plate 
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S306 - TB17 $306 - TB18 
26. Removing Rear Brake Plates 27. Removing Actuator Shaft 
1. Locating Shaft 1. Actuator Arm 
2. Brake plates 2. Alignment Marks (Use Centre Punch) 
3. Circlip 
4. Actuator Shaft 


28. Removing Actuator Assembly 
and Linkage 


PART 10 — FRONT AXLE 
F. TRANSFER BOX COMPONENT OVERHAUL 


OUTPUT SHAFT 


| 


29. Output Gear Removal 30. Front Bearing Removal Using 
1. Output Shaft Hydraulic Press 


2. Gear 
3. Splined Spacer 


$306 - TB22 
31. Output Shaft Exploded View 
1. Check Valve 4. Driven Gear 7. Taper Roller Bearing 
2. Circlip 5. ‘O’ Rings 8. Pressure Plate 
3. Splined Spacer 6. Output Shaft 9. Piston & Spring Assembly 
INSPECTION 


Check following items for wear or damage to determine if replacement parts are required: 
e Output shaft splines. 

e Dog teeth on piston and driven gear. 

e Driven gear teeth. 

e Bearing. 

e Replace ’O’ rings and piston return springs. 
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32. Installing Front Bearing 
1. Sleeve NH Part No. 356370 
2. Taper Roller Bearing 


i 


BRAKE COMPONENTS 


S306 - TB23 


$306 - TB24 S306 - TB25 
33. Brake Actuator 34. Brake Components 

1. Actuator Arms (2) 1. Separator Plate 
2. Return Springs (4) 2. Rear Brake 
3. Actuator Balls and Ramps 3. Front Brake Assembly 
4. Actuator Plate 4. Friction Plate 
5. Actuator Plate Link 5. Actuator Assembly 
6. Actuator Arm 

INSPECTION 


Check following items for wear or damage to determine if replacement parts are required:— 


e Actuator arm splines and linkage pivot points. 


e Ball ramps. 


e Actuator plates and brake plate surfaces. 


e Brake plate splines and plate flatness. 
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$306 - TB26 $306 - TB28 
35. Idler Gear assembly 36. Transfer Box Housing Components 

1. Thrust Washer 1. Rear End Plate and ‘O’ Rings 

2. Shaft 2. Brake Locating Shafts and ‘O’ Rings 

3. Gear 3. Actuator Shaft and ‘O’ Ring 

4. Needle Rollers (2 X 25) 4. Housing 

5. Spacer 5. Front End Plate and 'O’ Ring 
INSPECTION 
Check following items for wear or damage to determine if replacement parts are required:— 
e Thrust washers. 
e Needle roller bearings. 
e Idler gear teeth. 
e Shaft bearing surface. a 


e Replace ‘O’ rings. i 
G. TRANSFER BOX RE—-ASSEMBLY 


9 
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37. Transfer Box Drive Line Components 


1. Rear End Plate 10. Taper Roller Bearing 
2. Taper Roller Bearin 11. Pressure Plate 

3. Brake Locating Shaft 12. Springs 

4. Actuator Shaft 13. Piston — Dog Clutch 
5. Circlip 14. ‘O’ Rings 

6. Circlip 15. Check Valve 

7. Splined Spacer 16. Brake Assembly 

8. Driven Gear — Dog Clutch 17. Shims 

9. Output Shaft 
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38. Installing Actuator Assembly 39. Actuator Shaft and Arm Alignment 


A. = 40° 
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40. Locating Actuator Assembly 41. Installing Actuator Shaft 
1. Locating Shaft and ‘O’ Ring 1. Actuator Arm 
2. Actuator Shaft and ‘O’ Ring 2. Alignment Marks 
3. Actuator Assembly and Arm 3. Circlip 
4. Actuator Shaft 
42. Brake Components 
1. Separator Plates 
2. Brake Rear pills 
3. Brake Front Assembly 
4. Friction Plate 
5. Actuator Assembly 


$306 - TB25 


13 


PART 10 — FRONT AXLE 


co 


RAY 


4 
TTT} 
eT 


SSS 


. > 


~ 


77 
OO Tp 


S306 - TB16 = / 


43. Installing Rear Brake Plates 44. Installing Front Brake Plates 
1. Locating Shaft Friction Plate 
2. Brake Plates ‘O’ Ring 


Separator Plate 
Friction Plate 


PON- 


$306 - TB30 | $306 - TB31 
45. Separator Plate Locating Shaft Installation 46. Installing Locating Shaft Pin 
1. Separator Plate Lugs 1. ata Locating Shaft 

2. oll Pin 
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47. Installing Output Shaft 48. installing Rear Bearing With 
Hydraulic Press 


1. Rear Bearing 
2. Sleeve FK 4008023 
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49. Installing Rear End Plate 50. Rear End Plate Retaining Bolts 
1. Shim Pack Tightening Torque 45 Ibf ft (60 Nm) 
2. Cover and ‘O’ Ring 
3. Check Valve 
4. ‘O' Ring 


S306 - TB34 


51. Installing Front End Plate 52. Front End Plate Retaining Bolts 
1. Plate —Less Seal Tightening Torque 60 Ibf ft (80 Nm) 


OUTPUT SHAFT BEARING PRELOAD 
2.65-5.75 lIbf.ins. (0.3 — 0.65 Nm) 

Preload equivalent to:— 

3.4-7.4 Ibf (1.50-3.46 kg) pull to slowly rotate 


shaft as shown. 


Preload adjusted by shim thickness between 
rear end plate and rear bearing. 


Increasing shim thickness will increase 
Bank aise : bearing preload and vice versa. 
53. Checking Output Shaft Bearing Shim thicknesses available:— 


Rolling Resistance 
0.1/0.3/0.5 mm. 
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54. Installing Output Shaft Combination Seal 55. Front End Plate Retaining Bolts 
le oy tor 1. Tightening Torque 60 Ibf ft (80 Nm) 
2. ‘O'Ring 


56. Idler Gear Assembly 


1. Thrust Washer 

2. Shaft 

3. Gear 

4. Needle Rollers (2 X 25) 
5. Spacer 


~  S@ 
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57. Idler Gear Shaft Locating 
Gear Pin Installation 


1. 

2. Shaft 
3. Thrust Washers 
4. Needle Rollers 
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H. TRANSFER BOX INSTALLATION 


Ensure rear axle and transfer box mating 
surfaces are clean. 


Locate gasket on transfer box and raise the 
transfer box into position. 


Install and initially hand tighten bolts. 


59. Transfer Box installation 
1. Gasket 


_d 


1S306-TB40A S306 - TB38 
60. Transfer Box Installation 61. Transfer Box Installation 
1. Trolley Jack 1. Handbrake Cable Clevis Pin 


2. Transmission Pump Suction Pipe 


62. Bolt Tightening Torque 63. Solenoid Connections 


Tightening Torque 55 Ibf ft (75 Nm) 1. Electrical Conduit 
2. Low Pressure Supply Pipe 
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64. Solenoid Valve Assembly 65. Solenoid Valve Installation 
1. Valve Assembly 1. Solenoid 
2. ‘O’ Rings 2. Retaining Nut Torque 60 Ibf in (7 Nm) 
3. Retaining Nut 3. Cover and Gasket 
4. Solenoid 4. Wiring Connector 
Valve Tightening Torque 20 Ibf ft (27 Nm) Cover Bolt Torque 72 lbf in (8 Nm) 
) 


66. Drive Shaft Installation 67. Drive Shaft Installation 


1. Drive Shaft 1. Drive Flange 
2. Drive Shaft Yoke 
Flange Bolt Torque 46-66 Ibf ft (66-89 Nm) 


68. Drive Shaft Guard Installation 


1. Front Support Bolts 
2. Front Support Bolts 
3. Rear Support 

4. Rear Support Bolts 


S306-TB41 es 
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4WD-B1 


A. 
2. 


I. 40 kph FOUR WHEEL DRIVE BRAKING 


69. Four Wheel Drive Braking Switch 
Four Wheel Drive Braking Switch 
3 mm Feeler Gauge 


Actuator 
Brake Pedals 
Brake Light Switch 


Pen 


SWITCH ADJUSTMENT 


With brake pedals released position 3mm 
feeler gauge between switch and actuator. 


Slide switch firmly toward actuator and 
tighten retaining screws. 


Repeat procedure for brake light switch. 


70. 40 kph Four Wheel Drive Braking Electrical Circuit 


Four Wheel Drive Switch on Instrument Console 
Four Wheel Drive Braking Switch 


3. Four Wheel Drive Engagement Solenoid 
4. Fuse Box (Fuse No 3, 15 Amperes) 


Y/U Yellow/Blue 
Y/W Yellow/White 
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PART 11 
FORD TRACTOR SAFETY CABS AND 
PLATFORMS 


In November 1985 the ‘Q’ cab fitted to Ford TW Series tractors was improved to provide 
even greater comfort and cleanlinesss. To differentiate between the two, the cab built 
from November 1985 is described as a De-Luxe Cab. 


Chapters 1 to 3 detail the structure, the service repair procedures and specifications for 
the ‘Q’ cab built prior to November 1985. 


Chapters 4 and 5 detail the structure, the service repair procedures and specifications 
for the De-Luxe Cab built from November 1985. 


Chapter 1 
FORD TRACTOR SAFETY CABS AND 
PLATFORMS PRIOR TO NOVEMBER 1985 — 
DESCRIPTION AND SERVICEABILITY 


Section Page 
A. FORD TRACTOR SAFETY CABS AND PLATFORMS — 
DESCRIPTION 1 
B. FORD TRACTOR SAFETY CABS AND PLATFORMS — 
SERVICEABILITY 2 
Chapter 2 


FORD TRACTOR SAFETY CABS AND 
PLATFORMS PRIOR TO NOVEMBER 1985 — 
REMOVAL AND REPLACEMENT 


Section Page 
A. CAB—REMOVAL AND REPLACEMENT 1 


B. PLATFORM—REMOVAL AND REPLACEMENT 8 


(i) 


Chapter 3 
SPECIFICATIONS AND SPECIAL TOOLS 
PRIOR TO NOVEMBER 1985 


Section 
A. SPECIFICATIONS 
B. SPECIALTOOLS 


Chapter 4 
FORD TRACTOR SAFETY CAB 
POST NOVEMBER 1985 


Section 
A. FORD TRACTOR DE-LUXE SAFETY CAB—DESCRIPTION 
B. FORD TRACTOR DE-LUXE SAFETY CAB —SERVICEABILITY 


C. FORD TRACTOR DE-LUXE SAFETY CAB—REMOVAL AND 
REPLACEMENT 


FORD TRACTOR DE-LUXE SAFETY CAB-—TILTING THE CAB 


E. FORD TRACTOR DE-LUXE SAFETY CAB-— SPECIFICATIONS 
AND SPECIAL TOOLS 


(ii) 
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Chapter 1 
FORD TRACTOR SAFETY CABS AND 
PLATFORMS PRIOR TO NOVEMBER 1985 — 
DESCRIPTION AND SERVICEABILTIY 


Section 


Page 


A. FORD TRACTOR SAFETY CABS AND PLATFORMS — 


DESCRIPTION 


B. FORD TRACTOR SAFETY CABS AND PLATFORMS — 


SERVICEABILITY 


A. FORD TRACTOR SAFETY CABS AND PLATFORMS -— DESCRIPTION 


The Ford Tractor Safety Cabs, Figure 1, are 
of all steel monocoque construction with 
an integral 6-post roll over protective struc- 
ture. The flat deck cab features a flat plat- 
form positioned above the transmission 
housings. 


The cabs are isolated from the base tractor 
by four rubber block bushes, of which two 
are horizontally mounted at the rear and 
two are vertically mounted at the front. 
The bushes are designed to absorb vibra- 
tion thereby decreasing the noise level and 
improving the ride characteristics. 


Various access panels are provided in the 
floor and steering console area to assist 
In the servicing of such items as the steer- 
ing gear, front transmission and external 
hydraulic components. | 


The platform, as installed on the less cab 
tractors, is of an all steel construction with 
a flat floor area. 


The rear section of the platform is raised 
to accommodate the operator's seat and 
the fenders are bolted directly to the sides 
of the platform. The hydrostatic steering 
and hydraulics control consoles are bolted 
to the platform assembly. 


Figure 1 
Ford TW-15 Tractor with Ford Safety Cab 
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Various panels are provided to give access 
to tractor components located beneath the 
platform. 


Two brackets bolted to the front transmis- 
sion housing positively locate the front of 
the platform whilst the rear section is 
rigidly mounted on the hydraulic lift cover 


assembly and the fenders are securely a 
attached to the rear axle housings. - 


Steps and handgrips are provided for ease 
of mounting and dismounting the cab or 
platform and a water resistant matting cov- 
ers the floor area. 


B. FORD TRACTOR SAFETY CABS AND PLATFORMS — SERVICEABILITY 


The Ford Tractor Safety Cabs and Plat- 
forms incorporate numerous panels to 
provide access to components requiring 
routine maintenance and repair. However, 
for certain major repairs, the unit construc- 
tion of the cab or platform necessitates 


complete removal. 


The following table lists the major repair 
operations and details requirements for 
removal of the cab or platform. 


REPAIR OPERATION REQUIREMENT FOR CAB OR 
PLATFORM REMOVAL 


Front Transmission 
Repairs requiring removal of the front 
transmission 


Rear Transmission 
(i) Repairs requiring removal of the rear 
transmission 


Repairs requiring separation of the 
tractor between the front and rear 
transmission 


Main Fuel Tank 
Repairs which necessitate removal of the 
main fuel tank 


Steering Gear Assembly 
Repairs which require removal of the 
complete steering gear assembly 


Hydraulic Lift Cover 
Repairs which necessitate removal of the 
hydraulic lift cover. 


Optional— Remove the cab or platform or 
remove the front transmission with the cab 
insitu, see ‘SEPARATING THE TRACTOR’ — 
Part 12. 


Remove the cab or platform 


Optional—Remove the cab or 
platform or separate the front and 
rear transmission with the cab in situ, 
see ‘SEPARATING THE TRACTOR’ — 
Part 12. 


The fuel tank, located over or in front of the 
the engine, may be removed with the cab 
or platform in situ, see ‘FUEL SYSTEM’ — 
Part 2. 


The hydrostatic steering components may 
be removed with the cab or platform in 
situ, see ‘STEERING SYSTEM’ — Part 9. 


Optional — The hydraulic lift cover may 
be removed with the cab or platform in 
situ, or after the cab or platform has been 
removed, see ‘HYDRAULIC SYSTEM’ 
Part 8. 
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Chapter 2 
FORD TRACTOR SAFETY CABS AND 
PLATFORMS PRIOR TO NOVEMBER 1985 — 
REMOVAL AND REPLACEMENT 


Section Page 
A. CAB-—-REMOVAL AND REPLACEMENT 1 
B. PLATFORM—REMOVAL AND REPLACEMENT 8 


A. CAB — REMOVAL AND REPLACEMENT 


The cab may be removed from the tractor 
without having to remove the engine hood 
and related sheet metal but, for ease of 
access, it is suggested that the sheet metal 
be removed. 


SHEET METAL 
TW-5 AND TW-15 


With reference to Figure 1. 


1. Remove the right and left-hand hood 


side panels. 
2. Rem he right and left-hand cowl Figure 1 
o Ove esrIg one ” Sheet Metal — TW-5 and TW-15 
side panels. 
1. Muffler 
2. Hood Panel 
3. Loosen the ‘U’-bolt clamp under the 3. Cowl Side Panel 
hood panel and remove the muffler. 4 [ood Side Panel 
R th 2a : tigel tank es 5. Grille Side Panel 
emove tne pre-cieaner, p 6. Grille 
and hood panel. 7. Pre-Cleaner 
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Figure 2 


Sheet Metal — TW-25 and TW-35 
1. Muffler 5. Cowl Panel 
2. Hood Panel 6. Turbo Grille 
3. Grille 7. Air Intake 
4. Side Panel 
TW-25 AND TW-35 


With reference to Figure 2. 


1. Remove the right and left-hand side 
panels. 


Remove the grille. 
3. Remove the air intake. 


Remove the cowl panel adjacent to 
the cab. 


5. Remove the turbo grille. 


CAB REMOVAL 


All Ford Tractors with flat deck cabs feature 
threaded lifting points situated on each 
side of the cab roof. Prior to installation 
of the lift equipment, the two side roof 
retaining bolts must be withdrawn. 


IMPORTANT: /f the cab is to be lifted or 
removed, first ensure the tractor is 
positioned on flat ground then chock the 
wheels and disconnect the ground (nega- 
tive) cable from the battery. 


Figure 3 
Ford Flat Deck Cab Lifting Equipment 


Spreader Bar, Tool No. UKTDS 1014 

Cab Lifting Eyebolts, Tool No. UKTDS 1013 
Rear Link Pin, Part No. CSONN-F847-A 

Pin and Ring Assembly, Part No. E27N-995216 
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LIFTING EQUIPMENT 


For lifting the cab, use the special Spreader 
Bar, Tool No. UKTDS 1014, two Lifting 
Eyebolts, Tool No. UKTDS 1013, two Pins, 
Part No. CONN-F847-A (Finis Code 1816506) 
and two Pin and Ring Assemblies, Part No. 
E27N-995216 (Finis Code 1810390), Figure 3. 
Alternatively use Spreader Bar, Tool No. 
2420, Figure 4. 


For cab removal in the workshop, normal 
overhead gantry type lifting equipment is 
recommended with a floor-to-hook height 
of 14 ft (4.3 m) and a lifting capacity of 
2200 Ib (1000 kg). 


IMPORTANT: /t /s imperative the cab be 
raised and lowered vertically to avoid 
imposing bending loads on the eyebolts 
or spreader bar. For this reason, /ater ver- 
sions of the eyebolts incorporate a flexible 
link. 
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Figure 4 Figure 5 


Ford Flat Deck Cab Lifting Equipment Hydraulic Control Linkage 
1. Spreader Bar, Tool No. 2420 1. H.P.L. Control Rod 
2. Remote Cylinder Flow Control Cables 
3. System Selector Lever 
4. Remote Cylinder Control Rods 
5. P.T.O. Cable 
6. Flow Control Rod 
REMOVAL 4. Turnthe remote cylinder flow control knob 
assembly clockwise at the console, loosen 
IMPORTANT: Do not tilt the cab rearwards as the locknut on the cable and disconnect 
this will damage the cab rear mountings. the cables, Figure 6. 


For Ford Tractors equipped with air condition- 
ing it will be necessary to disconnect the quick 
release connectors located over the rear axle, 
see ‘ACCESSORIES AND GENERAL” — Part 
13, Chapter 1. 


1. Remove the split pin and clevis pin to dis- 
connect the P.T.O. cable at the left-hand 
side of the rear axle centre housing, Figure 
5. Remove the cable attaching bracket and 
clip located on top of the hydraulic lift 
cover. 


2. Remove the split pin and washers to 
disconnect the system selector rod and the 
H.P.L. control rod at the hydraulic lift 
cover. 


Figure 6 
Hydraulic Control Linkage 


i 1. Remote Cylinder Flow Control Cables 
connect the remote cylinder control rods 2. Disconnect Point 


and the flow control rod. 3. Locknut 


3. Remove the split pins and washers to dis- 
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Figure 7 
Wiring Harness Disconnect 


1. Wiring Harness Plug 
2. Retainer Bolt 
3. Wiring Harness Disconnect 


5. Disconnect the differential lock pedal 
linkage from the P.T.O./Differential Lock 
control valve under the cab on the right- 
hand side. 


Figure 8 
Hydraulic Brake Lines— TW-5, TW-15 and TW-25 
1. Disconnect Points 


Figure 9 
Brake Valve and Differential Lock Valve— TW-35 


1. Brake Valve 
2. Differential Lock Valve 


6. Remove the bolt retaining the front main 
harness connector at the front of the cab 
behind the engine. Unplug the connector, 
Figure 7. 


7. Disconnect the windshield washer pump 
wire from the front main harness. 


NOTE: On tractors with an “A” or “B” pre- 
fixed serial number, this wire is light green with 
a black stripe and connects to the front main 
harness at the top right-hand rear of the main 
fuel tank. On tractors with a “C”’ prefixed serial 
number, this wire is grey with a yellow stripe 
and connects to the front main harness in front 
of the main connector. 


8. TW-5, TW-15 and TW-25 — Disconnect 
the brake lines from the master cylinder 
and cap the lines and fittings, Figure 8. 


TW-35 — Disconnect the brake lines from 
the brake and differential lock valves, 
Figure 9. 


9. 


10. 


11. 


Figure 10 
Disconnecting Engine Controls 


1. Fuel Shut-off Cable 
2. Throttle Cable 
3. Tachometer Cable 


Disconnect the throttle, tachometer and 
fuel shut-off cables from the fuel injection 
pump, Figure 10. Remove all clips or straps 
retaining the cables to the engine and 
tractor. Allow the cables to hang freely 
from the front of the cab. 


Close the two heater shut-off valves and 
disconnect the hoses from the valves. 


Remove the clutch linkage pin located 
under the front left-hand side of the cab 
and disconnect the clutch linkage, Figure 
11. 


12. Tag, identify and disconnect the four 


power steering tubes at the left-hand side 
of the engine. Cap and plug the hoses and 
tubes. 
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Figure 11 
Clutch Linkage and Power Steering Tubes 


1. Power Steering Tubes 
2. Clutch Linkage Pin 


13. Remove the two roof retaining bolts 
located midway along each side of the roof 
edge and install the Spreader Bar, Tool No. 
2420 or the Eyebolts, Tool No. UKTDS 
1013. 


IMPORTANT: Ensure the Spreader Bar 
retaining bolts, or the Eyebolts, are fully 
screwed into the cab. Do not overtighten as 
this will damage the cab roof. 


14. Securely attach the Spreader Bar to the 
lifting equipment and (where used) locate 
over the Eyebolts. Install the Link Pins and 
secure with the Pin and Ring Assemblies. 


15. Attach an overhead gantry to the Spreader 
Bar. Take up the slack on the hoist. 
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Figure 12 Figure 14 


Gearshift Removal Cab Front Mounting Bolts 
1. Gearshift Boot 1. Right-Hand Mounting Bolts 
2. Clamp Bolts 2. Access Plate Screw Holes 


16. Remove the gearshift lever boot-to-deck 17. For models with Dual Power, disconnect 


screws and slide the boot, Figure 12, over the wiring harness from the Dual Power 
the levers as shown. Remove both clamp solenoid wire at the plug connector located 
bolts and pull the levers from the shift above the transmission bell-housing. 
mechanism. 


18. Remove the scuff plate at the edge of the 
floor in the right-hand door opening, 
Figure 13. Remove the left-hand scuff 
plate. 


19. Pull the floor mat back and remove the 
right and left-hand front mounting bolt 
access plates. 


20. Remove the right and left-hand front 
mounting bolts, Figure 14. 


NOTE: When removing the cab, there may be 
shims on the front mounts in between the 


Figure 13 insulators and the cab rails. Tag the shims so 
Scuff Plate they can be installed on the correct mount 


1. Right-Hand Scuff Plate during re-assembly. 


Figure 15 
Cab Rear Mounting Bolts 
1. Left-Hand Rear Bolts 


21. Remove the rear mounting bolts, Figure 
15. 


22. Slowly raise the cab, continually looking 
for obstructions until the cab is clear of the 
tractor. 


WARNING: /f the cab is to be lowered 

to the ground, ensure suitable levelling 
supports are positioned beneath the cab to 
prevent personal injury or damage to the 
spreader bar attaching bolts. 


REPLACEMENT 


Replacement of the Ford flat deck cabs follows 


the removal procedure in reverse. When | 


replacing the cab observe the following 
requirements: 


e Inspect the cab front and rear mount 
insulators for wear and cracks. Replace if 
necessary. 
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Ensure any shims located between the cab 
and front mounts are installed in the same 
position when the cab is replaced. 


Tighten the cab front mounting bolts first 
then the rear mounting bolts to the correct 
torque, see ‘Specifications’ — Chapter 3. 


Tighten the cab to axle housing locating 
bolts to the correct torque, see ‘Specifica- 
tions’ — Chapter 3. 


Adjust the gear shift levers as detailed in 
“TRANSMISSION SYSTEMS” — Part 5. 


Adjust the clutch free travel as detailed in 
“CLUTCHES” — Part 4. 


Tighten the brake line nuts to the correct 
torque, see ‘Specifications’ — Chapter 3. 


Bleed the air from the brake system as 
detailed in ‘REAR AXLE AND BRAKES” 
— Part 7. | 


Adjust the system selector lever and 
H.P.L. (Hydraulic Power Lift) control rod 
as detailed in ‘‘HYDRAULIC SYSTEM” — 
Part 8. 


Adjust the remote cylinder control rods 
and the flow control rod as detailed in 
“HYDRAULIC SYSTEM” — Part 8. 


Adjust the P.T.O. cable as detailed in 
“POWER TAKE-OFF” — Part 6. 


Purge the air from the steering system as 
detailed in ‘““STEERING SYSTEM” — Part 
9, 
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B. PLATFORM — REMOVAL AND REPLACEMENT 


Figure 16 
Hydraulic Brake Lines— TW-5, TW-15 and TW-25 
1. Disconnect Brake Lines 


This section illustrates removing and replacing 
the flat deck with the engine and front end 
removed. The flat deck can be removed from 
the tractor with the engine and front end 
installed by following these instructions and 
removing all cab-to-engine controls from the 
engine. The procedure is similar for all the TW 
Models. 


IMPORTANT: /f the platform is to be lifted or 


removed, first ensure the tractor is positioned 


on flat ground then chock the wheels and 
disconnect the ground (negative) cable from 
the battery. 


LIFTING EQUIPMENT 


For lifting the platform use the special 
Spreader Bar, Tool No. UKTDS 1014, two 
Pins, Part No. C5NN-F847-A (Finis Code 
1816506), two Pin and Ring Assemblies, Part 
No. E27N-995216 (Finis Code 1810390) and 
two hawsers or chains. 


Figure 17 
Brake Valve and Differential Lock Valve — TW-35 


1. Brake Valve 
2. Differential Lock Valve 


Alternatively use Spreader Bar, Tool No. 2420, 
with suitable eyebolts to facilitate connection 
of the two hawsers or chains. 


REMOVAL 


IMPORTANT: Do not tilt the platform 
rearwards as this will damage the platform to 
hydraulic lift cover mounting bracket. 


1. For models with Dual Power, disconnect 
the wiring harness from the Dual Power 
solenoid wire at the plug connector located 
above the transmission bell-housing. 


2. Disconnect the differential lock pedal at 
the H.P.L. cover. Remove the pedal. 


3. Remove the floor mat. 
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Figure 18 Figure 19 
Cab Removal Wiring Harness 
1. P.T.O. Cable Clip 1. Front Wiring Harness Connector 
2. P.T.O. Linkage 
3. Clutch Linkage (not visible) 
4. Remove the boot over the gear shift levers. 10. Disconnect the hydraulic controls, see 
Figures 5 and 6. 

5. Remove the transmission shift levers, Pea ee me eae) ponnmounung Dele 

Figure 12. (2 each side), Figure 20. 


6. Disconnect the hydraulic brake lines at the 
reservoir, Figures 16 or 17. Plug the orifices 
in the master cylinder. Cap the brake lines. 


7. Disconnect the P.T.O. cable and remove 
the cable clip. Disconnect the clutch 
linkage under the platform, see Figures 11 
and 18. 


8. Disconnect the wiring harness over the 
transmission. 


Figure 20 


9. Disconnect the front main wiring harness Platform Mounting Bolts 
at the connector, Figure 19. 1. Platform Front Mounting Bolts 
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Figure 21 
Platform Removal 


1. Tail Light Mounting Bracket 
2. Platform Rear Attaching Bolts 


12. Remove the tail light and remote cylinder 
mounting brackets at the rear of the 
tractor, Figure 21. 


13. Remove the four platform rear attaching 
bolts. 


NOTE: 7he two forward bolts are H.P.L. cover 
bolts. 


14. Remove the seat. 


15. Pass a hawser down the back of each 
fender then along the underside of the plat- 
form and out at the front end of the plat- 
form. Attach the two ends of each hawser 
to the spreader bar or eyebolts or attach 
chains and a spreader bar directly to the 
platform. 


IMPORTANT: /f hawsers are passed along 
the underside of the platform, ensure each 
hawser Is located in the angle formed between 
the front of the platform and the control 
console pedestal. 


Figure 22 
Platform Removal 


16. Slowly raise the platform, continually 
looking for obstructions until clear of the 
tractor, Figure 22. 


REPLACEMENT 


Replacement of the flat deck platform follows 
the removal procedure in reverse. When 
replacing the platform observe the following 
requirements: 


e Tighten the platform front mounting and 
rear attaching bolts to the correct torque, 
see ‘Specifications’ — Chapter 3. 


e Adjust the hydraulic controls as detailed in 
“HYDRAULIC SYSTEMS” — Part 8. 


e Bleed the air from the brake system as 
detailed in ‘““REAR AXLE AND BRAKES” 
— Part 7. 


e Adjust the gear shift levers as detailed in 
“TRANSMISSION SYSTEMS” — Part 5. 
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Chapter 3 
SPECIFICATIONS AND SPECIAL TOOLS 
PRIOR TO NOVEMBER 1985 


Section Page 
A. SPECIFICATIONS 1 
B. SPECIALTOOLS 1 


A. SPECIFICATIONS 


TORQUE SPECIFICATIONS 


Cab Front Mounting Bolts (through isolator) 


Cab Rear Mounting Bolts (through isolator) 


Cab to Axle Housing Locating Bolts 
Brake Line Nuts 

Platform Front Mounting Bolts 

Platform to Bracket Rear Attaching Bolts 


B. SPECIAL TOOLS 


DESCRIPTION TOOL NO. NUDAY TOOL NO. 


Spreader Bar UKTDS 1014 2420 
Eyebolts UKTDS 1013 — 
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Chapter 4 
FORD TRACTOR SAFETY CAB 
POST NOVEMBER 1985 


Section Page 
A. FORDTRACTOR DE-LUXE SAFETY CAB—DESCRIPTION 1 
B. FORD TRACTOR DE-LUXE SAFETY CAB—SERVICEABILITY 3 


C. FORDTRACTOR DE-LUXE SAFETY CAB—REMOVAL AND 


REPLACEMENT 


D. FORDTRACTOR DE-LUXE SAFETY CAB —TILTING THE CAB 
E. FORDTRACTOR DE-LUXE SAFETY CAB-SPECIFICATIONS 


AND SPECIAL TOOLS 
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A. FORD TRACTOR DE-LUXE SAFETY CAB — DESCRIPTION 


The Ford Tractor De-Luxe Safety Cab, 
Figure 1, its of all steel monocoque con- 
struction with an integral 6 post roll-over 
protective structure. The cab is isolated 
from the base tractor by two rubber block 
bushes horizontally mounted at the rear, 
Figure 2 and by two vertically mounted 
rubber bushes at the front, Figure 3. The 
bushes are designed to absorb vibration, 
thereby decreasing noise levels and im- 
proving the ride characteristics of the 
tractor. 


Access panels are provided in the floor to 
assist in service of external hydraulic com- 
ponents. 


Figure 1 
Ford Tractor With De-Luxe Safety Cab 


Figure 2 
Rear Cab Mounting 


Cab to Rear Mount Securing Nut 

Rear Mount to Rear Axle Mounting Bolt 
Rear Mount to Rear Axle Clamp Bracket 
Rear Mounting Bracket 

Rubber Bush 
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Entry to the cab is aided by wide doors, 
foot-steps with anti-slip treads and con- 
venient assist handles. Both doors are rear 
hinged and retained in the fully open posi- 


Figure 3 
Cab Front Mounting 


Cab Front Mounting Washer 
Heater Hose 

Cab Front Mounting Stud 
Cab Front Mounting Bush 
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Figure 4 
Side and Rear Windows 


Side Window Upper Hinge 

Rear Window Latch 

‘Overcentre’ Opening and Locking Handle 
Rear Window Centre Hinge 

Rear Window Gas Strut 

Rear Window Upper Hinge 
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tion by gas struts. Each door is fitted with 
an anti-burst lock that may be locked from 
the outside. 


The side windows are top hinged and 
locked in the closed position by an ‘over- 
centre’ mechanism, Figure 4. To open the 
window, lift the handle and push out and 
down in an arc. The handle will retain the 
window in the open position. 


The two piece rear window, Figure 4, is 
hinged at the top with a further horizontal 
hinge dividing the window centrally. The 
lower half of the window may be opened 
and folded up against the outside of the 
upper pane and secured with the handle 
on the frame. The upper half may now be 
opened after releasing the two spring clips 
either side of the window. Two gas struts 
will support the window in the open posi- 
tion. 


Lower driver observation windows located 
either side of the steering console are pro- 
vided and these, together with the modern 
curved windshield, give excellent forward 
vision. 
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B. FORD TRACTOR DE-LUXE SAFETY CAB — SERVICEABILITY 


The following table lists the repair opera- 
tions which require tilting or removing of 
the cab. 


Due to the construction of the Ford De-Luxe 
Safety Cab, for certain major repairs, it is 
necessary to tilt or remove the cab from 


the tractor. 


REPAIR OPERATION 
Front Transmission 
Repairs requiring removal of the front 
transmission. 


Rear Transmission 

Repairs requiring removal of the rear 
transmission or separating of the 
tractor between the front and rear 
transmission 


Hydraulic Lift Cover: 


Repairs which necessitate removal 
of the hydraulic lift cover. 


REQUIREMENT 


Remove the cab 


Remove the cab 


(i) Remove the cab, or 
(ii) Tiltthe cab forward 


C. FORD TRACTOR DE-LUXE SAFETY CAB — REMOVAL AND REPLACEMENT 


All Ford Tractors with De-Luxe Safety Cabs 
feature threaded lifting points situated on 
each side of the cab roof. Prior to installa- 
tion of the lifting equipment, the two side 
roof retaining bolts must be withdrawn. 


IMPORTANT: /f the cab ts to be lifted or 
removed, first ensure the tractor is 
positioned on flat ground with the wheels 
chocked and the battery disconnected. 


LIFTING EQUIPMENT 


For lifting the cab, use the special Spreader 
Bar, Tool No. UKTDS 1014, two Lifting 
Eyebolts, Tool No. UKTDS 1013, two Pins, 
Part No. CSONN-F847-A ( Finis Code 1816506) 
and two Pin and Ring Assemblies, Part No. 
E27N-995-216 (Finis Code 1810390), Figure 5. 
Alternatively, use Spreader Bar, Tool No. 
2420, Figure 6. 


Mm! PART 11—FORD TRACTOR SAFETY CABS AND PLATFORMS am 


Figure 5 
Ford De-Luxe Cab Lifting Equipment 


Spreader Bar, Tool No. UKTDS 1014 

Cab Lifting Eyebolts, Tool No. UKTDS 1013 
Rear Link Pin, Part No. CSNN-F847-A 

Pin and Ring Assembly, Part No. E27N-995216 
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For cab removal in the workshop, normal 
overhead gantry type lifting equipment is 
recommended with a floor-to-hook height 
of 14 ft (4.3 m) and a lifting capacity of 
2200 Ib (1000 kg). 


WARNING: /t is imperative the cab 

be raised and lowered vertically to 
avoid imposing bending loads on the 
eyebo/ts or spreader bar. For this reason, 
as an extra safeguard, the eyebolts incor- 
porate a flexible link. 


REMOVAL 


WARNING: Do not tilt the cab rear- 
wards as this will damage the cab 
rear mountings. 


For Ford Tractors equipped with air condi- 
tioning, it will be necessary to disconnect 
the self-sealing couplings located at the 
rear of the cab — see ‘ACCESSORIES AND 
GENERAL’ — Part 13, Chapter 4. 


Figure 6 
Ford De-Luxe Cab Lifting Equipment 


1. Spreader Bar, Tool No. 2420 


Cab Internal 


1. Withdraw the securing screws and 
remove the scuff plates from the cab 
floor. Lift and remove the cab floor 
mat and underlay from the cab. 


2. Remove the screws securing the gear 
lever boot and gaiter. 


3. Remove the gear lever knobs and lift 
the boot and gaiter clear of the levers. 
Replace the gear lever knobs. 


4. Remove the gear lever clamp bolts, 
Figure 7, and pull the levers from the 
shift mechanism. 
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Figure 7 
Gear Shift Levers 


Gear Shift Boot 
Clamp Bolts 


Disconnect the handbrake cable 
(where fitted) from the actuating lever 
by removing the clevis pin and split 
pin from the cable retaining bracket, 
then slip the cable out of the bracket 
and push through to the underside of 
the cab. 


Cab External 


1. 


Disconnect the engine stop control 
cable, Figure 8, from the fuel injection 
pump and pull back to hang freely 
from the front of the cab. 


Unclip the throttle cable from the fuel 
injection pump throttle lever, Figure 
8. Remove the throttle cable support 
bracket from the side of the engine 
and allow the cable to hang freely 
from the front of the cab. 
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Figure 8 
Engine Control Cables 


Fuel Pump Cut-Out Lever 
Throttle Cable Retaining Clip 
Throttle Bracket Retaining Bolt 
Proofmeter Cable 

Cut-Out Cable Retaining Screw 


Disconnect the proofmeter drive 
cable from the fuel injection pump 
and allow to hang freely in front of 
the cab. 


Shut off the heater water control val- 
ves. Release the retaining clamps and 
pull the hoses off the control valves, 
then remove the plastic straps and 
allow the hoses to hang freely in front 
of the cab. Cap or plug the exposed 
hose ends to prevent entry of dirt. 


Disconnect the main wiring harness 
and two auxiliary harnesses located 
beneath the steering motor, Figure 9. 
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Figure 9 Figure 11 
Main Harness Connections Hydraulic Lift Linkage 


Lift Control Rod 
Trunnion 

System Selector Rod 
Cross-Shaft 

Split Pin 


Rear Heater Control Valve 
Heater Hose 
Main Harness Connections 
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6. Identify and disconnect the four hyd- 7. Withdraw the retaining bolts and 
rostatic steering flexible pipes, Figure remove the rear shroud panels. 
10, from the rigid pipes and cap or 


plug the outlets. 8. Disconnect the clutch actuating rod 


from the cross-shaft lever by remov- 
ing the split pin and withdrawing the 
clevis pin. 


9. Release the air conditioning drain 
hoses from the cab support brackets 
(where fitted). 


10. Disconnect the cab earth strap from 
the hydraulic lift cover (where fitted). 


11. Disconnect the remote valve, hyd- 
raulic lift control, system selector and 
Auxiliary Service Control Valve levers, 
Figure 11, by removing the split pins 
at the lower ends of the actuating 
rods. 


Figure 10 12. Disconnect the P-T.O. lever by remov- 7 
Hydrostatic Steering Tubes : gins 
ing the split pin at the upper end of 
1. Hydrostatic Steering Hose Connections the actuating rod. 


1. 


14. 


15. 


16. 


Figure 12 
Hydraulic Brake Lines 
TW-5, TW-15 and TW-25 


Disconnect Points 


Withdraw the retaining bolts and 
remove the support bracket from the 
end of the hydraulic lift control cross- 
shaft, Figure 11. 


Disconnect the differential lock pedal 
linkage from the P.T.O./Differential 
Lock control valve under the cab on 
the right-hand side. 


TW-5, TW-15 and TW-25: 


Disconnect the brake lines from the 
master cylinder and cap the lines and 
fittings, Figure 12. 


TW-35: 


Disconnect the brake lines from the 
brake and differential lock valve, 
Figure 13. 


Remove the two roof retaining bolts 
located midway along each side of the 
roof edge and install the Spreader Bar, 
Tool No. 2420 or the Eyebolts, Tool 
No. UKTDS 1013. 


CHAPTER 4 


1. 


| Figure 13 
Brake Valve and Differential Lock Valve 
TW-35 


Brake Valve 
Differential Lock Valve 


IMPORTANT: Ensure the Spreader Bar 
retaining bolts, or Eyebolts, are fully 
screwed into the cab. Do not overtighten 
as this will damage the cab roof. 


17. 


18. 


19. 


Securely attach the Spreader Bar to 
the lifting equipment and (where 
used) locate over the Eyebolts. Install 
the Link Pins and secure with the Pin 
and Ring Assemblies. 


Remove the two cab front mounting 
studs, washers and nuts. 


Remove the two rear cab mounting 
bolts, washers and nuts, or the cab 
mounting bracket to axle housing 
retaining bolts, washers and nuts. 
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Figure 14 
Cab Hoisted Above Tractor 


20. Slowly raise the cab and continually 
check for possible foul conditions 
until the cab is clear of the tractor, 
Figure 14. 


WARNING: /f the cab is to be low- 
ered to the ground, ensure suitable 
levelling supports are positioned beneath 
the cab to prevent possible tilt which may 
damage the lifting eyebolts or spreader 
bar. 


REPLACEMENT 


Replacement of the Ford De-Luxe Cab fol- 
lows the removal procedure in reverse. 
When replacing the cab, observe the fol- 
lowing requirements: 


e Tighten the cab to rear cab mount 
bracket retaining bolts to the correct 
torque, see ‘Specifications’, Section E. 


e Tighten the front cab mounting studs 
to the correct torque, see ‘Specifica- 
tions’, Section E. 


Lubricate the threads of the cab rear 
mounting bracket to rear axle housing 
retaining bolts with oil prior to tight- 
ening. 


Tighten the cab rear mounting bracket 
to axle housing retaining bolts to the 
correct torque, see ‘Specifications’, 
Section E. 


Secure heater hoses to the heater con- 
trol valves as specified, see ‘ACCES- 
SORIES AND GENERAL, Part 13, 
Chapter 5. 


Tighten the air conditioning self-seal- 
ing couplings to the specified torque, 
see ‘ACCESSORIES AND GENERAL, 
Part 13, Chapter 6. 


Tighten the brake line connectors to 
the correct torque, see ‘Specifica- 
tions’, Section E. 


Bleed the air from the brake system 
as detailed in ‘REAR AXLE AND 
BRAKES’, Part 7. 


After replacement of the cab, check 
all control adjustments, see relevant 
parts. 


Tighten all bolts to the correct torque, 
see ‘Specifications’, Section E. 
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D. FORD TRACTOR DE-LUXE SAFETY CAB — TILTING THE CAB 


IMPORTANT: 7he cab may only be tilted 
forward. Tilting the cab rearwards will 
damage the rear mountings. 


To position the cab when tilted, two 3 in 
(75 mm) wooden blocks must be fabri- 
cated. These blocks are to be located be- 
tween the rear supports and the rear axle 
housings. 


DISASSEMBLY 


1. Disconnect the cab earth strap from 
the hydraulic lift cover (where fitted). 


2. Disconnect the remote valve, hy- 
draulic lift control, system selector 
and Auxiliary Service Control Valve 
levers, Figure 15, by removing the 
split pins at the lower ends of the 
actuating rods. 


3. Disconnect the P.T.O. lever by remov- 
ing the split pin at the upper end of 
the actuating rod. 


4. Withdraw the retaining bolts and 
remove the support bracket from the 
end of the hydraulic lift control cross- 
shaft, Figure 15. 


5. Disconnect the differential lock pedal 
linkage from the P.T.O./Differential 
Lock control valve under the cab on 
the right-hand side. 


6. Withdraw the securing screws and 
remove the scuff plates from the cab 
floor. Lift the cab mat and underlay 
back to reveal the cab front mounting 
stud access covers. 


7. Carefully prise the stud access covers 
from the cab floor. 


Figure 15 
Hydraulic Lift Linkage 
1. Lift Control Rod 4. Cross-Shaft 
2. Trunnion 5. Split Pin 
3. System Selector Rod 


8. Disconnect the windscreen washer 
feed tube from the washer jet then 
remove the retaining bolts and with- 
draw the engine cowl top and side 
panels. 


Figure 16 
Hydraulic Brake Lines 
TW-5, TW-15 and TW-25 


1. Disconnect Points 
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Figure 17 Figure 18 
Brake Valve and Differential Supporting Tilted Cab 
Lock Valve ~- TW-35 
1. Cab Rear Support 
1. Brake Valve 2. Wooden Block 
2. Differential Lock Valve 3. Rear Axle Housing 
9, TW-5, TW-15 and TW-25: IMPORTANT: On/y /ift the rear of the cab 
Disconnect the brake lines from the pill As a His ; sees 
master cylinder and cap the lines and Baitant ieee Id baa ee earn 
fittings, Figure 16. ? aca 
TW-35: 13. Insert the wooden blocks between the 
Disconnect the brake lines from the cab rear support and the rear axle 
brake and differential lock valve and housings. Lower the cab onto the 
cap the lines, Figure 17. blocks, Figure 18. 
10. Unscrew the two cab front mounting RE-ASSEMBLY 
flush with the end of th : 
ee te rere nas Re-assembly of the cab follows the dis- 
studs. 
assembly procedure in reverse. When re- 
assembling the cab, observe the following 
11. Remove the cab rear support to rear requirements: 
axle mounting bolts, washers and 
nuts. 7 @ Tighten the cab front mounting studs 
to the correct torque, see ‘Specifica- 
12. Lift the cab at the rear using either tions’, Section E. 
the special equipment described in 
‘Section C’ or an_ hydraulic lift e Lubricate the threads of the cab rear ‘ 
positioned under a wooden beam mounting bracket to rear axle housing ee 
located across and beneath the rear retaining bolts with oil prior to tight- 
section of the cab. ening. 
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e Tighten the cab rear mounting bracket 
to rear axle housing retaining bolts to 
the correct torque, see “Specifica- 
tions”, Section E. 


e Tighten the brake line connectors to 
the correct torque, see ‘Specifica- 
tions’, Section E. 


Bleed the air from the brake system 
as detained in ‘REAR AXLE AND 
BRAKES’, Part 7. 


After re-assembly, check all control 
adjustments, see relevant parts. 


E. FORD TRACTOR DE-LUXE SAFETY CAB — SPECIFICATIONS AND SPECIAL TOOLS 


TORQUE SPECIFICATIONS 


Cab Front Mounting Studs 
Rear Cab to Mounting Bracket Bolts 


Rear Mounting Bracket to Rear Axle 
Housing Bolts 


Rear Mounting Bracket to Rear Axle 
Housing Bolts with Assist Ram 


Scuff Plate Retaining Screws 
Brake Line Connector Nuts 
Gearshift Gaiter Retaining Bolts 
Gearshift Lever Clamp Bolts 
Cab Earth Strap Retaining Bolt 
Roof Retaining Bolts 


SPECIAL TOOLS 


DESCRIPTION 


Spreader Bar 


Eyebolts 
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TOOL NO. NUDAY TOOL NO. 


UKTDS 1014 2420 
UKTDS 1013 — 


ea 


Section 
A. 


B. 


Section 


A. 
B. 


PART 12 


SEPARATING THE TRACTOR 


Chapter 1 
COMPONENT REMOVAL 
Page 
SEPARATING THE TRACTOR BETWEEN FRONT 
TRANSMISSION AND REAR AXLE ASSEMBLY 1 
SEPARATING THE TRACTOR BETWEEN ENGINE AND 
FRONT TRANSMISSION 4 
SEPARATING THE TRACTOR BETWEEN FRONT AXLE 
AND ENGINE 8 
REMOVING THE FRONT TRANSMISSION WITH THE CAB 
IN SITU 13 
Chapter 2 
SPECIFICATIONS AND SPECIAL TOOLS 
Page 
SPECIFICATIONS 1 
SPECIAL TOOLS 2 


(i) 


PART 12 
SEPARATING THE TRACTOR 


Chapter 1 
COMPONENT REMOVAL 
Section Page 
A: SEPARATING THE TRACTOR BETWEEN FRONT 
TRANSMISSION AND REAR AXLE ASSEMBLY 1 
B. SEPARATING THE TRACTOR BETWEEN ENGINE AND 
FRONT TRANSMISSION 4 
C. SEPARATING THE TRACTOR BETWEEN FRONT AXLE 
AND ENGINE 8 
D. REMOVING THE FRONT TRANSMISSION WITH THE CAB 
IN SITU 13 
A. SEPARATING THE TRACTOR BETWEEN FRONT TRANSMISSION AND REAR 
AXLE ASSEMBLY 
NOTE: /t will be necessary to remove the cab 7. Install either Tractor Splitting Kit, Tool No. 
or platform prior to separating the tractor, see MS.2700 or Tractor Splitting Stand, Tool 
“FORD TRACTOR SAFETY CABS AND No. 201387, and insert wooden wedges 
PLATFORMS” — Part 11. between the support assembly and the 


front axle to prevent movement. 


1. Disconnect the battery. 


2. Drain the oil from the rear axle centre 
housing. Be prepared to _ drain 
approximately 17 Imp. gallons (20 U.S. 
gallons) (76 litres). 


3. Disconnect the interlock, parking brake, 
high/low shift and gear shift control rods, 
Figure 1. 


4. Withdraw the securing bolts and remove 
the gear shift support and mechanism 
assembly from the tractor. 


5. Where necessary, to facilitate splitting of 
the tractor, separate all wiring harness and 
hydraulic tube connections between the 
front transmission and rear axle assembly. 
Separate the air conditioning hoses (where 
fitted) from the rear axle assembly but do 
not discharge the system. For tractors with Front and Rear Transmission Linkage 


: . . Interlock Control Rod 
Front Wheel Drive, remove the drive shaft. Gear Shift Control Hod 
. High/Low Shift Control Rod 
. Gear Shift Mechanism 
. Parking Brake Control Rod 


6. Remove the auxiliary fuel tank and step 
assembly. 


OITh WN — 
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Figure 2 
Separating Rear Axle Assembly and Front Transmission 
(Splitting Kit Tool No. MS.2700) 


1. Front ;ransmission 
2. Support Trolley 
3. Rails 


For Dealers with Tractor Splitting Kit, Tool 
No. MS.2700. 


With reference to Figure 2. 


Position the rails centrally beneath the tractor. 
Locate the fixed support stand across the rails 
and under the rear axle centre housing. 
Position the support adjustable stops against 
the sides of the housing and securely tighten. 


NOTE: /t may be necessary to position a 
suitable size block of wood on top of the 
support in order to achieve sufficient jacking 
height with maximum stabilrty. 


4. Support Stand 
5. Rear Axle Assembly 


Locate the trolley stand on the rails and under 
the front transmission. Position the support 
adjustable stops against the sides of the 
housing and securely tighten. 


For Dealers with Tractor Splitting Stand, 
Tool No. 201387 


With reference to Figure 3. 


Install the transmission section and the rear 
end section of the splitting stand beneath the 
tractor as detailed in the splitting stand 
installation instructions. 


Me . 


Figure 3 


Separating Rear Axle Assembly and 
Front Transmission 
(Splitting Kit Tool No. 201387) 


1. Rear Axle Assembly 

2. Tractor Splitting Stand — Rear End Section 

3. Tractor Splitting Stand — Transmission Section 
4. Front Transmission 


8. Remove the nineteen buckle-up bolts. 


9. While checking for freedom of movement, 
carefully pull the front end of the tractor to 
separate the front transmission and engine 
assembly from the rear axle. 


RECONNECTING FRONT 
TRANSMISSION TO REAR AXLE 
ASSEMBLY 


Reconnecting the front transmission to the 
rear axle assembly follows the separating 
procedure in reverse. 


On reconnection observe the _ following 
requirements: 


e Usethe Locator, Tool No. FT.5001 or 7402, 
to align the low pressure hydraulic pump 
intake tube as shown in Figure 4. Tighten 
the intake tube retaining bolt and remove 
the alignment tool. 


Figure 4 
Low Pressure Oil Tube Alignment 
1. Oil Tube Bolt 


2. Oil Tube (Low Pressure) 
3. Oil Tube Alignment, Tool No. FT.5001 or 7402 


e Align the engine and_ transmission 
assembly with the rear axle assembly. 


e Install a new gasket between the 
transmission and rear axle housing. Apply 
a light coat of grease to hold the gasket in 
position. 


e Align the splines and install the buckle-up 
bolts. Tighten the bolts to the correct 
torque, see Page 2, ‘Specifications’ — 
Chapter 2. 


NOTE: /f the transmission output or P.T.O. 
shafts will not easily engage the rear axle 
couplings, remove the hydraulic lift cover and 
turn the shafts by hand. However, if the units 
are correctly aligned this procedure should not 
be necessary. If the lift cover is removed and 
replaced, tighten the retaining bolts to the 
correct torque, see Page 2, ‘Specifications’ — 
Chapter 2. 


e Refill the rear axle with the correct grade 
and quantity of oil, see Page 1, ‘Specifica- 
tions’ — Chapter 2. 
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B. SEPARATING THE TRACTOR BETWEEN ENGINE AND FRONT 
TRANSMISSION 


to 


Figure 5 Figure 
Power Steering Tubes Oil Cooler Tubes 
1. Power Steering Tube Connections 1. Hydraulic Oil Cooler Tubes 
2. Engine Oil Cooler Tube 
3. Right Hand Frame Member 


NOTE: The engine and front axle assembly 3. Identify and disconnect the four power 


can be separated from the front transmission steering tubes at the rear left-hand side of 
without removing the cab or platform. the engine, Figure 5. Cap or plug the hoses 
and tubes. 


1. Disconnect the battery. 


4. Disconnect the hydraulic oil cooler tubes at 
the radiator, Figure 6. Disconnect the air 
conditioning hoses (where fitted) at the 

self-sealing couplings. Do not discharge 

= ill PieseiGanien ane iuertaMccae the system. See “AIR CONDITIONING 
SYSTEMS” — Part 13, Chapter 1. For 


tractors with Front Wheel Drive, remove 
e Left and right-hand hood side panels. the drive shaft. 


2. Remove the following: 


e Radiator grille and side panels. 


5. Close the two heater shut-off valves at the 
e Exhaust muffler. engine and disconnect the hoses from the 
valves. 


e Hood panel. 


e Cowl side panels. 6. Remove the right-hand frame member. 


Veen 


10. 


11. 


Figure 7 
Auxiliary Fuel Tank 


Fuel Sender Wire 
Rear Support Pin 
Fuel Lines 

Auxiliary Fuel Tank 
Front Support Bolts 


. Close the fuel shut-off valve on the main 


tank and remove the auxiliary tank fuel 
hose from the valve fitting. 


. Disconnect the fuel lines and fuel gauge 


sender wire from the auxiliary fuel tank, 
Figure 7. 


. Place a suitable container under the 


auxiliary fuel tank and drain the fuel. 


Remove the auxiliary fuel tank front 
support bolts and rear support pin then 
remove the tank and step assembly, Figure 
vy 


Remove the tube clamp attached to the 
inner side of the left-hand frame member 
then withdraw the attaching bolts and 
remove the frame. 


12. 


13. 


14. 


15. 


Figure 8 
Disconnecting Engine Controls 
1. Fuel Shut-Off Cable 


2. Throttle Cable 
3. Tachometer Cable 


Remove the bolt retaining the front main 
harness multi-connector at the front of the 
cab or platform behind the engine. Unplug 
the connector. 


Disconnect the battery cables and wires 
from the starting motor and solenoid. 
Withdraw the retaining bolts and remove 
the starting motor assembly. 


Disconnect the throttle cable, tachometer 
cable and fuel shut-off cable from the fuel 
injection pump, Figure 8. Allow the cables 
to hang freely from the front of the cab or 
platform. 


Install either Tractor Splitting Kit, Tool No. 
MS.2700 or Tractor Splitting Stand, Tool 
No. 201387, and insert wooden wedges 
between the support assembly and the 
front axle to prevent movement. 
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Figure 9 
Separating Tractor Between Engine and Front Transmission 
(Splitting Kit Tool No. MS.2700) 


1. Engine Assembly 
2. Support Trolley 
3. Rails 


For Dealers with Tractor Splitting Kit, Tool 
No. MS.2700. 


With reference to Figure 9. 


Position the rails centrally beneath the tractor. 
Locate the fixed support stand across the rails 
and under the front transmission. Position the 
support adjustable stops against the sides of 
the housing and securely tighten. 


4. Support Stand 
5. Wooden Block 
6. Transmission Assembly 


NOTE: /t may be necessary to position a 
suitable size block of wood on top of the 
support in order to achieve sufficient jacking 
height with maximum stability. 


Locate the trolley stand on the rails and under 
the engine sump. Position the support 
adjustable stops against the sides of the sump 
and securely tighten. 


CHAPTER —————EEEEEEEEEEEee 


17. While checking for freedom of movement, 
carefully pull the front end of the tractor to 
separate the front axle and engine 
assembly from the front transmission. 


RECONNECTING THE ENGINE TO FRONT 
TRANSMISSION 


Figure 10 
Separating Tractor Between Engine and Reconnecting the engine to the front 
Front Transmission transmission follows the separating procedure 


(Splitting Kit Tool No. 201387) 
1. Tractor Splitting Stand — Transmission Section 
2. Tractor Splitting Stand — Rear End Section 
3. Tractor Splitting Stand — Engine Section 
4. Wedges 


in reverse. 


On reconnection observe the _ following 


For Dealers with Tractor Splitting Stand, requirements: 
Tool No. 201387 


With reference to Figure 10. e Ensure the transmission input shaft slides 
over the P.T.O. shaft and the splines are 
aligned. Insert several engine-to- 
transmission bolts and tighten evenly, 
drawing the engine and transmission 


together. 
Install the engine section and the transmission 
section of the splitting stand beneath the 
tractor as detailed in the splitting stand 
installation instructions. Support the tractor 
front end with a spreader bar, crane and chains 
or other suitable method. Position a trolley jack e Ensure all bolts are tightened to the correct 
under the pin of the front axle assembly. torque, see Page 2, ‘Specifications’ — 
Chapter 2. 
16. Remove the engine to transmission 
buckle-up bolts and the flywheel access 
cover plate. e Start the engine and check for leaks. 
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C. SEPARATING THE TRACTOR BETWEEN FRONT AXLE AND ENGINE 


Figure 11 Figure 12 


Sheet Metal TW-5 and TW-15 Sheet Metal TW-25 and TW-35 
1. Muffler 1. Muffler 
2. Hood Panel 2. Hood Panel 
3. Cowl Side Panel 3. Grille 
4. Hood Side Panel 4. Side Panel 
5. Grille Side Panel 5. Cowl Panel 
6. Grille . 6. Turbo Grille 
7. Pre-Cleaner 7. Air Intake 


NOTE: The front axle and support assembly Ford TW-5 and TW-15: 
can be separated from the engine without Remove the front end weights. 
removing the cab or platform. 


~ 


WARNING: 7o facilitate separation of Ford TW-25 and TW-35: 

the front axle and engine assembly on Remove the front frame rail and weights. 
models with air conditioning, the system must 

first be discharged, see “AIR CONDITIONING 

SYSTEMS” — Part 13, Chapter 7. 


4. Identify and disconnect ail electrical 
connections between the engine and front 
1. Disconnect the battery. support. 


2. With reference to Figures 11 and 12, 5. Ford TW-5 and TW-15: 
remove the following: 


e Air pre-cleaner and fuel tank cap. 
7 (i) Close the fuel shut-off valve and 


¢ Left and right-hand hood side panels. remove the auxiliary fuel tank hose 
from the valve fitting, Figure 13. 


e Radiator grille and side panels. 


e Exhaust muffler. (ii) Disconnect the main tank return fuel 
hose and the fuel sender wire at the 
e Hood panel. top of the main tank. 


CHAPTER 1 


Figure 13 


Fuel Shut-Off Valve TW-5 and TW-15 
1. Fuel Shut-Off Valve 
2. Engine Return Fuel Hose 
3. Auxiliary Tank Fuel Hose 
4. Main Tank Return Fuel Hose 


(iti) 


(iv) 


(v) 


(vi) 


Disconnect the engine return fuel 
hose from the main tank. 


Remove the electrical wiring harness 
from the right-hand fuel tank support 
rail and the radiator — shield. 
Disconnect the wire from the air 
intake sender unit, Figure 14. 


Disconnect the air intake hose from 
the intake manifold and the radiator 
flange. Unbolt the support bracket 
and remove the air intake tube 
assembly from the tractor. 


Attach a spreader bar or sling to the 
fuel tank. 


Figure 14 
Fuel Tank Assembly TW-5 and TW-15 


Rail Front Bolts 
Wiring Harness 
Frame Side Member 
Tank Rail Rear Bolts 
Air Intake Tube 


ee 


(vii) Withdraw the main fuel tank rail front 
and rear bolts and remove the tank 
from the vehicle, Figure 15. 


Figure 15 
Fuel Tank Removal TW-5 and TW-15 
1. Spreader Bar 
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Figure 16 
Engine and Front Support TW-35 

Fuel Tank 

Front Rail 

Oil Cooler and Air Conditioner Condenser 

Radiator 

Frame Member 


. Air Cleaner 
. Intercooler 
. Wiring Harness 


Rear Rail 


Ford TW-25 and TW-35: 


(i) Remove the electrical harness from 
the right-hand rear side rail then 
remove the front and rear side rails, 
Figure 16. 


(ii) Drain the main fuel tank. 


(iii) Close the main fuel tank shut-off 
valve and remove the hose. 


(iv) Withdraw the bolts attaching the 
tank to the frame and remove the 
tank. 


6. Drain the coolant from the radiator and dis- 


connect the radiator hoses 
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Figure 17 
Oil Cooler Tubes 


1. Hydraulic Oil Cooler Tubes 
2. Engine Oil Cooler Tube 
3. Right Hand Frame Member 


7. Disconnect the power steering tubes at the 
connector plate located beneath the front 
support. 


8. Disconnect the engine and hydraulic oil 
cooler tubes at the radiator, Figure 17. 
Disconnect the air conditioning hoses 
(where fitted) at the condenser. 


IMPORTANT: For discharging = and 
evacuating the system, see ““AlR CONDITION- 
ING SYSTEMS” — Part 13, Chapter 7. For 
tractors with Front Wheel Drive, remove the 
drive shaft. 


9. Install either Tractor Splitting Kit, Tool No. 
MS.2700 or Tractor Splitting Stand, Tool 
No. 201387, and insert wooden wedges 
between the support assembly and the 
front axle to prevent movement. 


he 


Figure 18 
Separating Tractor Between Front Axle Assembly 
and Engine 
(Splitting Kit, Tool No. 201387) 


. Front End Support Chain 

. Tractor Splitting Stand — Transmission Section 
. Tractor Splitting Stand — Rear End Section 

. Tractor Splitting Stand — Engine Section 

. Trolley Jack 

Wedges 


OoOhWN— 


For Dealers with Tractor Splitting Kit, Tool 
No. MS.2700. 


Position the rails centrally beneath the tractor. 
Locate the fixed support stand across the rails 
and under the engine sump. Position the 
support adjustable stops against the sides of 
the sump and securely tighten. 


NOTE: /t may be necessary to position a 
suitable size block of wood on top of the 
support in order to achieve sufficient jacking 
height with maximum stability. 


Locate the trolley stand on the rails and under 
the pin of the front axle assembly. 
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Figure 19 
Front Axle Support 
1. Front Axle Support to Oil Pan Bolts 
2. Engine to Front Axle Support Bolts 
3. Side Frame to Front Axle Support Bolts 


For Dealers with Tractor Splitting Stand, 
Tool No. 201387. 


With reference to Figure 18. 


Install the engine section and the transmission 
section of the splitting stand beneath the 
tractor as detailed in the splitting stand 
installation instructions. Position a trolley jack 
under the pin of the front axle assembly. 


10. Support the tractor front end with a 
spreader bar, crane and chains or other 
suitable method. 


11. Remove the right and left-hand frame to 
front axle support bolts, Figure 19. 


12. Remove the front axle support to engine 
and sump bolts. 
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Figure 20 
Axle Assembly Separated from Engine 


13. While checking for freedom of movement, 
carefully pull the front end of the tractor to 
separate the front axle and _ radiator 
assembly from the engine, Figure 20. 
Retrieve the shims located between the oil 
pan and the front pedestal. 


WARNING: The engine section of the 

Tractor Splitting Stand, Tool No. 
201387, will not, by itself, support the weight 
of the engine. Always attach the Engine Lift 
Sling, Tool No. 6011 or FE.140, before 
removing the engine, Figure 27. 


RECONNECTING THE FRONT AXLE TO 
ENGINE 


Reconnecting the front axle assembly to the 
engine follows the separating procedure in 
reverse. 
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Figure 21 
Engine Lift Sling Installed 
1. Lift Sling, Tool No. 6011 or FE.140 


On reconnection observe the _ following 


requirements: 


Ensure the shims located between the 
front pedestal and the oil pan are replaced. 
If a new engine, oil pan or front pedestal 
has been installed, see “FRONT AXLE” — 
Part 10, for shimming procedure. 


Ensure the front axle support to engine 
attaching bolts are tightened to the correct 
torque, see Page 2, ‘Specifications’ — 
Chapter 2. 


Re-fill the radiator with the correct grade 
and quantity of coolant. 


For models with air conditioning, evacuate 
and charge the system, see ‘AIR CON- 
DITIONING SYSTEMS” Part 13, 
Chapter 1. 


Emenee (hf PT EF | 


D. REMOVING THE FRONT TRANSMISSION WITH THE CAB IN SITU 


NOTE: The transmission can be removed from 
the tractor without removing the cab or less 
cab tractor platform. Remove the transmission 
by following the separating instructions as 
detailed in Sections A and B of this Chapter 
without removing the cab or platform and by 
conducting the following additional steps. 


1. Disconnect the front portion of the cab 
from the tractor as detailed in “SAFETY 
CABS AND PLATFORMS” — Part 11, 
Chapter 1, Section A, Cab Removal, Step 
1 and Steps 8—21. For less cab tractors, 
follow Step 1 and Steps 3—11 of Section 
B, Platform Removal. 


2. Support the sides of the cab or platform 
with suitable jacks or stands, Figure 22. 
Position either Tractor Splitting Kit, Tool 
No. MS.2700 or Tractor Splitting Stand, 
Tool No. 201387. 


For Dealers with Tractor Splitting Kit, Tool 
No. MS.2700 


Position the rails centrally beneath the tractor. 
Locate the fixed support stand across the rails 
under the rear axle centre housing. 
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Figure 22 
Supporting Cab Sides 


1. Cab 

2. Jack 

3. Tractor Splitting Stand — Rear End Section 
4. Rear Axle Centre Housing 


For Dealers with Tractor Splitting Stand, 
Tool No. 201387 


Install the rear end section of the splitting stand 
beneath the rear axle centre housing. 


WARNING: Cad, platform and rear 
axle must be pos/tively restrained. 


3. Working through the transmission access 
hole in the floor, remove the transmission 
to rear axle upper attaching bolts and 
complete the transmission removal. 
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PART 12 
SEPARATING THE TRACTOR 


Chapter 2 
SPECIFICATIONS AND SPECIAL TOOLS 
Section Page 
A. SPECIFICATIONS 1 
B. SPECIAL TOOLS 2 


A. SPECIFICATIONS 
TRANSMISSION AND REAR AXLE OIL CAPACITY 


Imp. Qts. 
U.S. Qts. 
Litres 


Imp. Qts. 
U.S. Qts. 
Litres 


Se 


Refi so | en | a 
Refil with New Filters tes [| m0 | 9 


LUBRICANTS 


Fill with the correct grade, quantity and type of oil as specified in the relevant Ford Tractor 
Operator’s Manual. 


COOLING SYSTEM CAPACITY 


Ford TW-5 | Ford TW-15 | Ford TW-25 | Ford TW-35 


Imp. Qts. 15 15.8 15.8 15.8 
U.S. Qts. 18 19.0 19.0 19.0 
Litres 17 18.0 18.0 18.0 


COOLANT ANTIFREEZE 


Use Ford antifreeze in the following solution strengths to provide protection down to the 
temperature required. 


Temperature protection Percentage of Antifreeze 
— 4°C (25°F) 10% 
— 9°C (16°F) 20% 
— 16°C (4°F) 30% 
— 24°C (—11°F) 40% 


— 36°C (—33°F) 50% 
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SD 
Figure 1 Figure 2 
Rear Axle to Front Transmission Buckle-Up Bolt Engine to Front Transmission Buckle-Up Bolt 
Torque Specifications Torque Specifications 
“A Bolts— Torque to 155 Ibf.ft (210 Nm) (21.5 Mkg) ‘‘A’’ Bolts— Torque to 200 Ibf.ft (271 Nm) (27.6 Mkg) 
“B”’ Bolts— Torque to 77 Ibf.ft (104 Nm) (10.7 Mkg) ‘B’’ Bolts— Torque to 112 Ibf.ft (152 Nm) (15.6 Mkg) 
1. Lower Dowel Hole 1. Dowel Hole 3. Dowel Hole 
2. Upper Dowel Hole 2. Flywheel Access 4. Starting Motor 
Cover Hole Mounting Holes 
Use Figure 1 when tightening the front transmission to rear axle assembly buckle-up bolts \ 
and Figure 2 for the engine to front transmission buckle-up bolts. me 


TORQUE SPECIFICATIONS 


Hydraulic Lift Cover Attaching Bolts 
Auxiliary Fuel Tank Front 

Support Bolts 

Side Frame Attaching Bolts 
Starting Motor Retaining Bolts 
Front Frame Rail Attaching Bolts (TW-25 and TW-35) 
Main Fuel Tank Rail Attaching Bolts (TW-5 and TW-15) 
Main Fuel Tank to Frame Attaching Bolts (TW-25 and 
TW-35) 

Front Axle Support to Engine Attaching Bolts 


B. SPECIAL TOOLS 
(Prior Tool Numbers, where applicable, are shown in brackets) 


DESCRIPTION CHURCHILL TOOL NO. | NUDAY TOOL NO. 


Engine Lift Sling (FE 140) 6011 (FE 140) 
Tractor Splitting Kit MS.2700 — 
Tractor Splitting Stand (includes 


engine, transmission and rear end 201387 
sections) | (OWATONNA) 
Low Pressure Hydraulic Pump Intake 

Tube Locator FT.5001 (SW 33) 7402 


PART 13 
ACCESSORIES AND GENERAL 


In April 1984 a new air conditioning compressor was released for Production and Service 
for all Ford TW Series tractors. In November 1985, with the introduction of the De-Luxe 
cab for Ford TW Series tractors, the air conditioning and heating systems were modified. 


Chapters 1 and 2 detail the system, the service repair procedures and specifications 
for the air conditioning compressor installed on tractors prior to April 1984 and the air 
conditioning and heating systems for tractors built prior to November 1985. 


Chapters 4 and 5 detail the system, the service repair procedures and specifications 
for the air conditioning compressor installed on tractors from April 1984 and the air 
conditioning and heating systems for tractors built from November 1985. 


When servicing an air conditioning system on tractors built between April 1984 and 
November 1985, reference should be made to Chapter 4 for compressor overhaul and 
Chapter 1 for the other system components. 


Chapter 1 
AIR CONDITIONING SYSTEMS — 
TRACTORS PRIOR TO NOVEMBER 1985 


Section Page 
A. AIRCONDITIONING SYSTEMS — DESCRIPTION AND OPERATION 1 
B. AIRCONDITIONING SYSTEMS — OVERHAUL 13 
C. AIRCONDITIONING SYSTEMS — TROUBLE SHOOTING, 

SPECIFICATIONS AND SPECIAL TOOLS 35 
Chapter 2 


CAB HEATING SYSTEM — 
TRACTORS PRIOR TO NOVEMBER 1985 


Section Page 
A. CABHEATING SYSTEM— DESCRIPTION AND OPERATION 1 
B. CABHEATING SYSTEM—OVERHAUL 3 


C. CABHEATING SYSTEM— TROUBLE SHOOTING, SPECIFICATIONS 7 


(i) 


Chapter 3 
HYDRAULIC TRAILER BRAKE VALVE 


Section 


A. HYDRAULIC TRAILER BRAKE VALVE — DESCRIPTION 
AND OPERATION 


B. HYDRAULIC TRAILER BRAKE VALVE —OVERHAUL 
C. SPECIFICATIONS 


Chapter 4 
AIR CONDITIONING SYSTEMS — 
TRACTORS POST NOVEMBER 1985 


Section 


A. AIRCONDITIONING SYSTEMS WITH DE-LUXE CAB — 
DESCRIPTION AND OPERATION 


B. AIRCONDITIONING SYSTEMS WITH DE-LUXE CAB — 
OVERHAUL 


C. AIRCONDITIONING SYSTEMS WITH DE-LUXE CAB — 
TROUBLE SHOOTING, SPECIFICATIONS AND SPECIAL TOOLS 


Chapter 5 
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A. AIR CONDITIONING SYSTEMS — DESCRIPTION AND OPERATION 


The optional air conditioning system im- 
proves the comfort and health of the 
operator by controlling the temperature, 
humidity, cleanliness and circulation of 
the air within the cab. 


Heat reduction is effected by circulating 
the air through a cooling unit called an 
evaporator. This unit also serves to reduce 
the moisture content of the air for the wet 
surface of the evaporator collects dust and 
pollen particles which drain off with the 
condensed moisture. 


The tractor cab air conditioning system, 
Figure 1, consist of two heat exchangers 
and a pump inter-connected by tubing. 
One heat exchanger (evaporator) is lo- 
cated in the roof of the cab while the sec- 
ond heat exchanger (condenser) is 
situated in front of the engine coolant 
radiator. 


A special refrigerant, which can be easily 
heated or cooled, is circulated through the 
two heat exchangers by the pump (Com- 
pressor). 


Heat always flows from hot to cold and, 
based on this fact, the tractor cab is air 
conditioned in the following manner: 


A low temperature refrigerant in the 
evaporator absorbs heat from the hotter 
air in the operator's compartment, thereby 
cooling the air. 


The now warmer refrigerant is pumped by 
the compressor to the condenser. 


Figure 1 
Ford Tractor Air Conditioning System (Schematic) 


1. Dehydrator and Receiver 

2. Self-Sealing Coupling (High Pressure) 
3. Self-Sealing Coupling (Low Pressure) 
4. Compressor 

5. Sight Glass 


The compressor action raises the temper- 
ature of the refrigerant above that of the 
outside air and, through the condenser, 
the heat of the refrigerant is absorbed by 
the outside air thereby cooling the refri- 
gerant. 


In summary, the tractor air conditioning 
system serves to create a temperature dif- 
ferential inside the cab so that the heat 
will move from the warmer air to the 
cooler refrigerant in the evaporator. Out- 
side the cab, a temperature differential is 
created to move heat from the warmer re- 
frigerant in the condenser to the cooler 
outside air. 


6. Condenser 
7. Expansion Valve 
8. Blower Motor and Fan 
9. Evaporator 
10. Equaliser Tube 


REFRIGERANT R-12 


To achieve the absorption and the release 
of heat which is, in essence, the function 
of an air conditioning system, requires the 
use of a suitable “refrigerant” — a liquid 
that has a relatively low temperature boil- 
ing point, plus certain desirable safety and 
stability features. 


The refrigerant selected for the Ford Trac- 
tor cab air conditioning systems is Refri- 
gerant R-12. (Trade names include Freon 
12, Arcton 12, Genetron 12 and Freeze 12.) 
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R-12 is a fluorinated hydrocarbon similar to 
carbon tetrachloride except that two chlorine 
atoms have been removed and two fluorine 
atoms added. 


The boiling point of R-12 is —30.1°C 
(—21.7°F) when under no pressure (0 Ibf/in?) 
(0 bar) (0 kgf/cm?). 


If the pressure is increased, R-12 will readily 
vapourise to absorb heat at temperatures 
between —11.7°C (11°F) at 15 Ibf/in? (1.03 
bar) (1.5 kgf/cm?) and 0°C (32°F) at 30 Ibf/in? 
(2.07 bar) (2.11 kgf/cm?) in the evaporator. 


At higher pressures, R-12 will condense and 
give off heat at temperatures between 54.4°C 
(130°F) at 180 Ibf/in? (12.4 _ bar) 
(12.65 kgf/cm?) and 65.6°C (150°F) at 230 
Ibf/in2 (15.85 bar) (16.17 kgf/cm?) in the 
condenser. 


R-12 is an ideal refrigerant being stable at all 
Operating temperatures and _ possessing 
certain desirable characteristics as follows: 


e Non-inflammable 
e Non-explosive 


e Non-toxic (except when exposed to an 
open flame) 


e Non-corrosive to metal or rubber 
e Soluble in oil 
e Able to absorb great quantities of heat 


e QOdourless in concentrates of less than 20 
per cent. 


NOTE: A-72, when detected by smell, has a 
slight odour of carbon tetrachloride. 


Air Conditioning System Components 


The Ford Tractor air conditioning system 
comprises the following components: 


e Compressor 


e Condenser 


e Dehydrator and Receiver 


* Expansion valve 


e Blower Fan 


Before describing the design and operation of 
the components, it is important to remember 
the basic function of the air conditioning 
system is as follows: 


(i) Toprovide a temperature differential inside 
the cab so that heat will move from the 
warmer air to the cooler refrigerant in the 
evaporator and then (after the heat-laden 
refrigerant has been circulated to the 

_condenser) to the outside of the cab. 


(ii) To provide a temperature differential that 


will move the heat from the refrigerant to 
the cooler outside air. 
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Figure 2 
Air Conditioning Compressor installation 
. High Pressure (Discharge) Valve 
. Clutch Coil Mounting Bolts 
Compressor Mounting Bolts 
Clutch Assembly 
Hexagon Bolt 
. Clutch Electric Wire 
. Low Pressure (Suction) Valve 
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Compressor 


The Ford Tractors with air conditioning feature 
a compressor mounted at the front left hand 
side of the engine being belt driven from the 
crankshaft pulley, Figure 2. 


The compressor separates the low and high 
pressure sides of the system and is basically a 
pump which has two functions: 


(i) To raise the refrigerant temperature, by 
compression, to a higher degree than the 
ambient (outside air) temperature. 


(ii) To circulate the required volume of 
refrigerant through the system. 


Compressor Operation — 
_ With reference to Figure 3. 
The pulley and bearing assembly is mounted 
on the front end of the compressor crankshaft. 


Rotation of the crankshaft is effected by the 
clutch which magnetically engages the hub 
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Figure 3 
Compressor (2-Cylinder In-Line Type) 


1. Reed valve Assembly 

. Foam Seal 

. Stationary Field Clutch 

. Oil Sump 

. Crankshaft 

. Piston and Ring Assembly 
. Valve Plate 

. Cylinder Head 
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and shoe assembly, mounted on the end of the 
crankshaft, with the pulley assembly. 


Two in-line pistons and connecting rods are 
mounted on the crankshaft and a common 
cylinder head, with high and low pressure side 
service connections, is used for both pistons. 
As the compressor crankshaft revolves, each 
piston works in opposition to the other. 


Whilst one piston is on the suction stroke the 
other is on the discharge stroke. This arrange- 
ment ensures a constant flow of refrigerant 
throught the compressor. 


A positive pressure lubrication system utilises 
the pressure differential between the suction 
inlet and the crankcase, plus centrifugal force, 
to circulate oil to and from the compressor. 


Compressor Valve Operation 
With reference to figue 4. 
For each cylinder, two steel, circular reed 


valves are centrally mounted, one each side of 
a lapped, cast iron valve plate. 
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Figure 4 
Compressor Valve Operation 


High Pressure Vapour 
A. From Evaporator (Suction) 
. High Pressure Side Service connection 
. Cylinder Block 
. Valve Plate 
. Sectored Exhaust Port 
. Inlet Reed Valve 
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Radially drilled inlet ports in the valve plate are 
open on the cylinder head side but are covered 
by the large diameter inlet reed valve located 
on the piston side of the plate. Sectored 
exhaust ports in the valve plate are open on the 
piston side but are covered by the smaller 
diameter exhaust reed valve mounted on the 
cylinder head side of the plate. 


The high and low pressure side service 
connections lead through the valve plate to 
two separate reservoirs formed in the cylinder 
block. These reservoirs are connected through 
ports in the valve plate to two separate galleries 
formed within the cylinder head casting. 


B. To Condenser (Discharge) 


Low Pressure Vapour 

C. ToFront of Tractor 
6. Inlet Port 

7. Outer Gallery 

8. Cylinder Head 

9. Low Pressure Side Service Connection 

10. Inner Gallery 


An outer gallery covers the inlet ports in the 
valve plate whilst an inner gallery covers the 


exhaust ports. 


On the downstroke (suction) the exhaust reed 
valve is held closed whilst the inlet reed valve 
opens to allow low pressure vapour refrigerant 
from the evaporator to enter the cylinder. On 
the upstroke (discharge) the refrigerant holds 
the inlet reed valve closed and forces the 
exhaust reed valve to lift thereby allowing high 
pressure vapour to be discharged to the 
condenser. 


The degree of lift of the exhaust reed valve is 
controlled by a circular, dished steel backing 
plate. 


Figure 5 
Compressor Clutch (Stationary Coil Type) 
1. Pulley 4. Bearing 
2. Hub 5. Mounting Plate 
3. Shoe Assembly 6. Coil 


Compressor Clutch 


The compressor has an_ electro-magnetic 
clutch which functions to engage or disengage 
the compressor as required in the operation of 
the air conditioning system. 


The clutch is of a stationary coil type and forms 
an integral part of the compressor pulley 
assembly, Figure 5. The clutch is belt-driven 
from the engine crankshaft and when 
energised serves to engage the pulley to the 
compressor. When the clutch is de-energised 
the pulley and the compressor are disengaged. 


The coil assembly its bolted to the compressor 
housing whilst the hub and shoe assembly is 
mounted on the compressor driveshaft. The 
pulley runs on a bearing which is mounted on 
the hub. 
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Compressor Clutch Operation 


When the system is inoperative (no current to 
the coil) no magnetic force is applied to the 
shoe. Under this condition, the pulley turns 
freely on the hub which remains stationary on 
the compressor driveshaft. 


The clutch is controlled by automatic ther- 
mostatic switches and when current is fed to 
the coil, via the switches, a magnetic force is 
created which pulls the shoe into the pulley 
and both units turn as one. As the hub and 
shoe assembly turn they cause the compressor 
driveshaft to rotate and activate the air 
conditioning system. 


The air conditioning systems may be turned 
ON or OFF at any engine speed and, conse- 
quently, scoring can be expected on the shoe 
and pulley surfaces. This is a normal condition 
and should be disregarded. 


IMPORTANT: 7o ensure satisfactory com- 
pressor clutch operation, the correct drive belt 
tension must be maintained, see “Specifica- 
tions’. 


Condenser 


The condenser is located in front of the engine 
coolant radiator and consists of a number of 
turns of continuous coil mounted in a series of 
thin cooling fins to provide a maximum of heat 
transfer in a minimum amount of space. 


The condenser enables the hot vapourised 
refrigerant from the compressor to lose heat to 
the cooler outide air. 
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Sight Glass 


The sight glass is located in the liquid line from 
the condenser to the receiver through which a 
solid column of refrigerant flows. The sight 


glass is used to observe the condition of the > 


refrigerant as follows: 


e Clouded — Desiccant is escaping from the 
dehydrator and circulating though the 
system. The dehydrator and receiver must 
be replaced, the expansion valve filter 
screen should be cleared or replaced and 
the system purged (refrigerant replaced). 


e Oil Streaks, Foam or Bubbles— 
Insufficient refrigerant in the system. 
(Occasional bubbles during _ initial 


operation is normal). 


e Clear—A correct charge, an over-charge 
or a complete lack of refrigerant. (An over- 
charge is indicated when test gauge 
readings are above normal). 


Dehydrator and Receiver 


The dehydrator and receiver, Figure 6, located 
in the left-hand side of the cab roof, is astorage 
tank which receives the high pressure, warm 
liquid refrigerant from the condenser through 
an inlet line and delivers the refrigerant through 
an outlet line to the thermostatic expansion 
valve. 


The receiver stores the liquid refrigerant to 
ensure a steady flow to the thermostatic ex- 
pansion valve is maintained under widely 
different operating conditions. 


The dehydrator section contains a desiccant to 
absorb any moisture within the system and a 
filter prevents the entry of foreign particles. 


Figure 6 
Dehydrator and Receiver 
1. Screen 4. Inlet Line 
2. Outlet Line 5. Desiccant 
3. Filter 6. Fibre Glass Pads 


NOTE: Any moisture in the air conditioning 
system is extremely harmful. Moisture not 
absorbed by the dehydrator will circulate with 
the refrigerant and droplets may collect and 
freeze in the thermostatic expansion valve 
orifice. This action would block the refrigerant 
flow and stop the cooling acting. Moisture will 
also react with Refrigerant R-12 to form a 
corrosive hydraulic acid. 


The deseccant can only absorb a limited 
amount of moisture before reaching saturation 
point and the ability to retain the moisture is 
dependent upon termperature. As_ the 
temperature increases, the ability to absorb 
decreases. This explains why an_ air 
conditioning system may operate satisfactorily 
when outside temperatures are low but stop 
cooling when ambient temperatures increase 
and the saturated desiccant releases moisture 
into the system. For details of this condition 
and correction, see ‘Trouble Shooting’, 
Section C. 
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Figure 7 
Externally Equalised Thermostatic Expansion Valve 
. Inlet from Dehydrator and Receiver 
. Outlet to Evaporator 
. Filter Screen 
. Metering Orifice 
. Metering Valve 
. Valve Spring 
. Operating Pin 
. Equaliser Tube 
. Temperature Sensing Bulb 
. Capillary tube 
. Diaphragm 
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Externally Equalised Termonstatic 
Expansion Vaive 


The expansion valve is located on the pressure 
line leading from the dehydrator and receiver 
into the evaporator and performs the following 
functions: 


(i) METERING ACTION—A metered orifice 
changes the liquid refrigerant from a high 
to a low pressure. 
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(ii) MODULATING ACTION—A _ thermo- 
statically controlled valve within the 
expansion valve body controls the volume 
of liquid refrigerant passing through the 
orifice and ensures the refrigerant is fully 
vapourised within the evaporator. Liquid 
refrigerant would damage the compressor 
reed valves or freeze the pistons. 


(iii) CONTROLLING ACTION—The valve 
responds to changes in the heat load 
conditions. Increased heat load causes the 
valve to open to increase the refrigerant 
flow and a decreased heat load (or 
increased compressor volume due to 
increased engine speed) causes the valve 
to close and decrease the refrigerant flow. 


Expansion valve Operation 


With reference to Figure 7. 


The thermostatic expansion valve controls 
refrigerant flow by the action of a spring- 
loaded valve which is controlled by differential 
pressures within a diaphragm chamber on the 
valve. Diaphragm movement is transmitted to 
the valve through pins. 


The differential pressure is a result of pressure 
supplied by the temperature sensing bulb and 
capillary tube (pressure above the diaphragm) 
and equalising pressure (pressure below the 
diaphragm) supplied by refrigerant pressure 
from the low pressure (outlet) side. 
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The capillary tube, tube end and upper 
diaphragm chamber form a ‘closed system’ 
filled with Refrigerant R-12. The tube end is 
clamped to the evaporator outlet pipe to reflect 
the temperature of the refrigerant leaving the 
evaporator. 


Any increase in refrigerant temperature at the 
evaporator outlet will increase the pressure in 
the tube system and exert a downward 
pressure on the diaphragm (tending to open 
the valve). Conversely, a decrease in 
refrigerant temperature will decrease the 
pressure on the diaphragm (tending to allow 
the valve to close). 


The lower diaphragm chamber reflects the 
evaporator inlet temperature and provides the 
differential action by opposing outlet against 
inlet temperatures. 


An external equaliser tube, connected into the 
evaporator outlet line, feeds _ refrigerant 
pressure to the underside of the diaphragm to 
balance the pressure on the upper side and 
provide the desired refrigerant flow. . 


A spring below the valve tends to move the 
valve towards the closed position and acts in 
conjunction with the diaphragm to control the 
valve movement. The spring is pre-set to 
ensure correct valve action and to provide a 
temperature differential between the 
evaporator inlet and outlet temperatures. 


This temperature differential is the ‘Super- 
heat’ which ensures the vapour at the 
evaporator outlet contains no droplets of liquid 
refrigerant when returned to the compressor. 


Evaporator 


The evaporator is located within the roof of the 
cab and like the condenser consists of a 
number of turns of continuous coil mounted in 
a series of thin cooling fins to provide a 
maximum of heat transfer in a minimum 
amount of space. 


The evaporator enables the warm cab air to 
lose heat to the circulating low temperature 
refrigerant. 


Blower Fan 


The blower fan is located in the evaporator 
housing and draws warm air from the cab and 
forces it through the evaporator. The cooled 
air is then blown through the air conditioner 
oulets back into the cab. The blower motor is 


controlled by a three-speed switch. 


High blower speed provides the greatest 
volume of circulated air, however, a slower 
speed will allow the air to contact the cooling 
fins and coils of the evaporator for a longer 
period resulting in the warm air giving up more 
heat to the cooler refrigerant. Therefore, the 
coldest air temperature is obtained when the 
blower fan in operated at the lowest speed. 
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Figure 8 
Ford Tractor Air Conditioning System Operation (Schematic) 


[ose] High Pressure Vapour 


. Dehydrator and Receiver 

Self-Sealing Coupling (High Pressure) 
Self-Sealing Coupling (Low Pressure) 
Compressor 

Sight Glass 


ORWN 


SYSTEM OPERATION 
With reference to Figure 8. 


The compressor receives the refrigerant as a 
low pressure COLD VAPOUR and raises the 
temperature of the vapourised refrigerant by 
compression to a level above that of the 
ambient temperature. the refrigerant leaves 
the compressor as a high pressure HOT 
VAPOUR. 


High Pressure Liquid 
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_ Low Pressure Vapour 


. Condenser 
. Expansion Valve 
. Blower Motor and Fan 
. Evaporator 


10. Equaliser Tube 
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The condenser receives the heat laden high 
pressure refrigerant vapour from the com- 
pressor at the top hose connection. The hot 
vapour passes down through the condenser 
coils and heat moves from the hot refrigerant 
vapour into the cooler ram air flowing across 
the condeser coils and fins. 


NOTE: Ram air ts the air flow induced by the 
forward motion of the tractor and the suction 
of the engine coolant radiator fan. 
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When the refrigerant vapour reaches the 
pressure and temperature that will induce a 
change of state, a large quantity of heat is 
transferred to the outside air and the 
refrigerant changes from a high pressure HOT 
VAPOUR to a high pressure WARM LIQUID. 


The warm liquid refrigerant passes to the 


dehydrator and receiver via an inlet line which 
incorporates a_ self-sealing coupling to 
facilitate cab removal. The refrigerant is then 
filtered and desiccated before passing through 
an outlet line to the thermostatic expansion 
valve. The refrigerant enters the thermostatic 
expansion valve as a high presure WARM 
LIQUID but on passing through the metering 
orifice, the pressure and temperature are 
reduced and the refrigerant leaves the 
thermostatic expansion valve as a low pressure 
COLD ATOMISED LIQUID. 


The cold liquid refrigerant passes through the 
evaporator coils and heat moves from the 
warm cab air into the cooler refrigerant. When 
the liquid refrigerant reaches the pressure and 
temperature that will induce a change of state, 
a large quantity of heat moves from the air into 
the refrigerant which then changes from a low 
pressure COLD ATOMISED LIQUID to a low 
pressure COLD VAPOUR. 


The system circuit is completed as the low 
pressure cold vapourised refrigerant passes 
from the evaporator to the compressor via an 
inlet line which incorporates a self sealing 
coupling to facilitate cab removal. 
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Air Conditioning System Controls 


The air conditioning system controls consist of 
electrical switches connected in series with the 
compressor clutch to regulate the compressor 
operation. 


Thermostat Assembly 
(High Pressure Cut-Out Switch) 


Blockage of the condenser fins will restrict ram 
air flow, hinder heat exchange and increase the 
temperature and pressure of the refrigerant in 
the condenser. The thermostat, or high 
pressure cut-out switch, is located on the 
outlet line from the condenser and opens to cut 
off electrical power to the clutch when the 
temperature reaches 76.7°C (170°F). The 
switch closes to re-engage the clutch when the 
temperature drops back to 71.1°C (160°F). 


The switch is factory sealed and cannot be 
adjusted. 


Thermostatic Switch 


As air passes through the evaporator, mois- 
tuure condenses on the coils and drains off as 
water. However, when maximum cooling and 
low blower speed is required, the evaporator 
temperature may become so low as to cause 
the moisture condensate to freeze and form as 
ice on the evaporator coils This action will 
restrict air flow, hinder heat exchange and 
decrease the cooling action in the evaporator. 


The thermostatic switch is located in the cab 
roof and opens to cut off electrical power to 
the clutch when the evaporator temperature 
approaches freezing point. The switch closes 
when the evaporator temperature rises to a 
pre-set level. 


The switch cut-out and cut-in temperatures 
are established in manufacture and should not 
require adjustment. 


Figure 9 
Thermostatic Switch Operation 


. Bellows 

. Capillary Tube 

. Cam Follower 

. Temperature Control Camshaft 
. Pivoting Frame 

. Contact Points 
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Thermostatic Switch Operation 


Reference to Figure 9. 


The switch consists of a bellows-type thermo- 
stat and a capillary sensor tube filled with 
Refrigerant R-12. The bellows are attached toa 
frame which pivots to open or close a set of 
contact points. One end of the capillary tube is 
inserted between the fins about 3 in (75 mm) 
deep into the evaporator core. 


When the evaporator temperature drops, the 
refrigerant within the capillary tube and the 
bellows contracts, thereby causing the switch 
points to open and cut off electrical power to 
the clutch. 
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Conversely, a rise in evaporator temperature 
will cause the bellows to expand, close the 
points and re-engage the clutch. 


The thermostat has a manually operated tem- 
perature control comprising a camshaft, acam 
follower (connected to the pivoting frame by a 
spring) and an external control knob. The cam 
follower spring tension tends to open the 
points. 


Turning the control knob clockwise decreases 
the cam follower spring tension which results 
in a greater force being required to open the 
points. Therefore, a greater drop in evaporator 
temperature is necessary before the bellows 
contract far enough as to open the points. 
Cooler air circulation to the operator is thus 
assured. 


A second spring governs the temperature 
interval between the points opening and 
closing. This interval ensures satisfactory 
defrosting of the evaporator before the system 
starts to re-function. 


Turning the control knob fully counter- 
clockwise (OFF) keeps the contact points open 
and prevents operation of the system. 


NOTE: 7he blower motor switch also controls 
the compressor and both the blower and 
thermostatic switch must be turned ON for the 
air conditioning system to operate. 
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B. AIR CONDITIONING SYSTEMS — OVERHAUL 


IMPORTANT: Study this section thoroughly 
before attempting to service the air condition- 
ing systems. 


Overhaul of the Ford Tractor air conditioning 
system should only be undertaken by a 
specialist refrigeration engineering outlet or a 
specially equipped Ford Tractor Dealer who 
must provide the following facilities: 


1. The services of a competent mechanic 
properly trained in air conditioning over- 
haul procedures. 


2. A comprehensive air conditioning test kit 
including a gas leak detector. 


3. Procurement and storage facilities for 
Refrigerant R-12. 


When removing the cab or splitting the tractor, 
great care must be taken not to rupture the air 
conditioning system pressure lines. Self- 
sealing couplings facilitate cab removal and 
the engine, front and rear transmissions may 
be separated without interrupting the system, 
see ‘SEPARATING THE TRACTOR” — Part 
12. However, separating the tractor between 
the engine and the front axle will necessitate 
discharging the system. 


A WARNING: NEVER separate the 

tractor between the engine and the 
front axle unless the air conditioning system 
has been fully discharged. 
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The compressor is the only item in the air 
conditioning system which may be repaired. 


All other damaged or faulty components must 
be replaced and no repair attempted by the 
dealer or specialist refrigeration engineer. 
When replacing any system components, the 
complete system must be_ discharged, 
evacuated and re-charged. 


General Precautions 


To prevent the entry of moisture or any foreign 
material, observe the following points: 


e Ensure all tools, gauges and replacement 
parts are kept clean and dry. 


¢ Clean all hoses and fittings before dis- 
connecting. 


e Immediately cap or plug all openings when 
disconnected. 


e When adding refrigerant oil ensure the 
transfer equipment (hoses, containers, 
etc.) is clean and free of moisture. 


e Always uncap and re-cap the oil container 
immediately before and after use. 


NOTE: The /ubricating oil which Is mixed with 
the refrigerant is free of moisture. 


e Always evacuate any system that has been 
opened and sealed. 
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Precautions when handling Refrigerant 
R-12 


Refrigerant R-12 is colourless in both the liquid 
and gaseous forms. Under normal temperature 
and pressure conditions, R-12 is a vapour (gas) 
which is heavier than air. 


Refrigerant R-12 is available in bottles and 14 
ounce (400 g) cans. As the cans are easy to 
handle and are also disposable, they are used 
extensively for servicing air conditioning 
systems. 


Although R-12 is considered to be generally 
safe, the containers are under considerable 
pressure and safety precautions must be 
observed as follows: 


e NEVER store or use containers in direct 
sunlight, in or near a welding or steam 
cleaning area or near any source of heat. 


If the refrigerant must be warmed, use hot 
water or wet clothes at temperatures not 
exceeding 49°C (120°F). Never apply 
direct heat. 
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e NEVER store or discharge refrigerant in an 
area where there is an open flame, such as 
a gas heater or welding torch. Although 
normally non-poisonous, a heavy concen- 
tration of refrigerant exposed to a flame 
will produce a poisonous gas. 


e NEVER attempt to use a refrigerant can 
without installing a suitable can valve, see 
‘Refrigerant Can Valve’. 


e NEVER expose eyes or skin to refrigerant. 
Remember, the refrigerant temperature at 
atmospheric pressure is — 11.7°C (11°F). 


e ALWAYS allow space for expansion when 
transferring refrigerant from a_ large 
container to:a small one. 


e ALWAYS wear safety goggles and gloves 
when servicing any part of the air con- 
ditioning system 


IMPORTANT: /f refrigerant should contact 
the eyes. DO NOT RUB THE EYES. Splash 
cold water on the eyes to bring the 
temperature up above freezing. If refrigerant 
should contact the skin, treat as for frostbite. 
Warm the affected area with a hand or 
lokewarm water (32°—38°C) (90°— 100°F) 
and cover loosely with a dry bandage. In either 
case consult a doctor immediately. 
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Refrigerant Can Valve 


All refrigerant cans are sealed and must be 
opened with a can valve which, after 
instalation, serves to puncture the can and 
controls the escape of refrigerant. 


NOTE: Ensure the valve sealing gaskets are in 
good condition before installing the valves. 


The can valves are of two types as follows: 


SCREW TYPE VALVE 


‘The screw type valve, Figure 10, features a 
locking ring. To install the valve: 


e Turn the valve handle anti-clockwise to the 
fully open position. 


e Ensure the locking ring is turned anti- 
clockwise to the top of the threaded 
section. 


e Screw the valve assembly securely onto 
the can. 


e Turn the locking ring clockwise to fully 
secure the valve to the can. 


e After the valve is installed, rotate the 
handle clockwise to close the valve and 
pierce the can. 


FLAT TYPE VALVE 


The flat type valve, Figure 10, features a 
camlock action. To install the valve: 


e Turn the valve handle anti-clockwise to the 
fully open position. 


e Rotate the valve one turn anti-clockwise 
relative to the valve base and secure the 
locking Jugs over the can flange. 


e Pull the cam lever to lock the valve to the 
can. 
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Figure 10 
Refrigerant Can Valves 


. Screw Type Valve 

. Flat Type Valve 

. Handle 

. Locking Lugs 

. Valve Sealing Gaskets 
. Locking Ring 

. Handle 

. Cam Lever 
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e Rotate the valve clockwise and tighten to 
ensure effective sealing. 


e After the valve is installed, rotate the 
handle clockwise to close the valve and 
pierce the can. 


Service Valves 


The air conditioning system is equipped with 
Schrader type service valve, which features a 
service gauge port to facilitate discharge 
evacuation and charging of the system. The 
service valve is mounted on the compressor 
and incorporates connections for the low and 
high pressure side hose fittings. 
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Figure 11 
Schrader Type Valve Operation 


4. Compressor 
5. Hose Connection 
6. Valve 


1. Test Hose 
2. Valve Core Depressor 
3. Service Gauge Port 


Schrader Type valve Operation 


With reference to Figure 11. 


The spring-loaded valve will be opened when 
the test hose is connected and no other control 
is provided. 


NOTE: 7he test hose must incorporate a valve _ 


depressor to actuate this type of valve. 


Valve Caps 


Schrader valves have a protective cap installed 
on the service port. This cap must be removed 
for test gauge connections and valve operation 
and must be replaced when service operations 
are completed. 


18 


The cap additionally serves as a seal to protect 
valve leakage and to keep out dirt and 
moisture. Non-replacement of the cap could 
result in refrigerant loss and system failure. 


Manifold Gauge Set 


The Manifold Gauge Set, Tool No. 0172 or 
40153, is the most important tool used in 
testing and servicing the air conditioning 
system. 


The gauge set is used for trouble shooting, 
discharging, evacuating and charging the 
system. 


Figure 12 
Manifold Gauge Set — Tool No. 0172 or 40153 
. Low Pressure Side 
. High Pressure Side 
High Side Pressure Gauge 
High Side Hand Valve 
Test Hose to High Side Service Connector 
Centre Service Hose 
Test Hose to Low Side Service Connector 
Low Side Hand Valve 
. Low Side Compound Gauge 


Seo a 


The gauge set, Figure 12, consists of a mani- 
fold with two gauges (low side and high side), 
three service connections and two hand 
valves. 


Low Side Gauge 


The left-hand, low side gauge and the service 
fitting beneath are used for testing the low 
pressure side of the system. This compound 
gauge registers from 0—250 Ibf/in? (OQ—17.2 
bar) (0O— 17.6 kgf/cm?) on the pressure scale 
and 0—30 in (O— 76.2 cm) of Mercury on the 
vaccum scale. 


High Side Gauge 


The right-hand, high side gauge and the 
service fitting beneath are used for testing the 
high pressure side of the system. This gauge 
registers pressure only from O—500 Ibf/in? 
(O—35.2 bar) (O—35.2 kgf/cm?). 
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Service Fittings 


The right and left-hand service fittings 
facilitate connection of test hoses to the high 
and low pressure sides of the system 
respectively. 


IMPORTANT: ALWAYS connect the Low 
Side fitting to the LOW PRESSURE side of the 
system. 


The centre service fitting is used for discharg- 
ing, evacuating or charging the system and 
should be capped when not in use. 


Hand Valves 


The hand valves serve to isolate the high and 
low side of the manifold from the centre 
service fitting. 


IMPORTANT: ALWAYS close the hand 
valves (turn clockwise until seated) during all 
test operations. 


In the closed position refrigerant circulates 
around the valve stems to the gauges. There- 
fore, when the manifold gauge set is 
connected into a system, pressure Is registered 
on both gauges. 


Operating Precautions 


Operating precautions must be observed as 
follows; 


e NEVER open the HIGH SIDE hand valve 
when the system is operating. 


e NEVER open the HIGH SIDE hand valve if a 
refrigerant can is connected to the centre 
service fitting for charging the system. 


e ALWAYS open the LOW SIDE hand valve 
when adding refrigerant. 
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Manifold Gauge Set Connection 2. 


WARNING: S7OP the tractor engine during 
connection of the manifold gauge set. 


1. Remove the protective caps from the 


compressor service gauge ports. 3. 


2. Ensure the gauge set hand valves are 
closed (turned fully clockwise). 


Purge the high side test hose by opening 
the high side gauge hand valve for 3—5 
seconds, to allow systerm refrigerant to 
purge air from the test hose and discharge 
through the manifold centre hose, then 
close the hand valve. 


Purge the low side test hose in the same 
manner by opening the low side gauge 
hand valve for 3—5 seconds then close the 
hand valve. 


Method B— Using Refrigerant Can 


3. Connect the high side gauge hose to the 


high side service valve and the low side i 


gauge hose to the low side service valve. 


IMPORTANT: Prior to connection of the 


manifold gauge set, identify the suction (low 2. 


pressure) and discharge (high pressure) 
service gauge ports. The high pressure service 
valve is always in the line from the compressor 
to the condeser. 


3. 
4. Purge the gauge hoses using one of the 
following methods: 
Purging Gauge Hoses 
Method A— Using System Refrigerant 
4. 


1. Ensure the high and low side manifold 
gauge hose connections at the compressor 
service ports are tight. 
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Ensure the low and high side manifold 
gauge hoses are loosely connected at the 
compressor service ports. 


Install a can valve on a can of Refrigerant 
R-12 and connect the can to the gauge set 
centre hose. 


Purge the high side test hose by opening 
the refrigerant can valve and ‘cracking’ 
(opening slightly) the high side gauge hand 
valve for 3—5 seconds, to allow refrigerant 
to purge air from the test hose and 
discharge through the loose connection at 
the compressor service port, then tighten 
the hose connection and close the hand 
valve and can valve. 


Purge the low side test hose in the same 
manner by ‘cracking’ the low side gauge 
hand valve for 3—5 seconds, then tighten 
the hose connection and close the hand 
valve and can valve. 


Ne 


Figure 13 
Propane Torch Leak Detector— Tool No. 0171 


4. Propane Tank 
5. Valve 
6. Reactor Plate 


1. Chimney 
2. Elbow 
3. Pick-up Hose 


Stabilising the System 


After the manifold gauge set has been con- 
nected and before the pressure tests can be 
made, the system must be stabilised as 
follows: 


1. Run the engine at a fast idle speed 
(approximately 1000— 1200 rev/min). 


2. Operate the system at maximum cooling, 
with the blower fan at high speed, for 10 
minutes to stabilise all components. 


3. Check the system for full refrigerant 
charge by observing the sight glass. 


4. Check the normal gauge readings, see 
‘Trouble Shooting’. Alow, high side gauge 
reading is a sign of an_ insufficient 
refrigerant charge. 
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CHARTER EEE 


lf the refrigerant charge is determined to be 
insufficient, the system must be tested for 
leaks and re-charged before accurate tests 
can be made for normal system operation. 


NOTE: Natural/oss of some system refrigerant 
can be expected over a period of time. 


Leak Testing 


The majority of air conditioning system 
malfunctions result from a loss of refrigerant 
due to leaks which generally occur at points of 
connection and are caused by vehicle 
vibration. 


Leak tests should be made as follows: 


e Whenever service operations result in 
disturbing refrigerant lines or connections. 


e Whenever a complaint indicates a system 
leak may be involved. 


e Whenever more than 0.5 Ib (0.25 Kg) of 
refrigerant is lost from the system after a 
seasons operation. 


The two types of leak detectors in common use 
are the Propane Torch and Electronic. 


Propane Torch Leak Detector 


The Propane Torch Leak Detector, Tool No. 
0171, Figure 13, consists of a burning torch 
equipped with a sampling tube (reactor plate 
and chimney) and a pick-up hose. 


In operation, the propane flame draws leaking 
refrigerant over the hot copper alloy reactor 
plate in the sampling tube. If refrigerant is 
present the propane flarme will change colour. 
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Leak Testing Procedure (Propane Torch) 


WARNING: Do not operate the tractor 
engine during this test. If the 
surrounding air is contaminated’ with 
refrigerant gas, the leak detector will indicate 
the amount of gas in the air at all times. Ensure 
good ventilation. 


1. Open the valve and light the torch. Adjust 
the flame just high enough to heat the 
reaction plate to a cherry red colour. 


2. Lower the flame until just high enough to 
maintain the cherry red colour of the 
reaction plate. 


IMPORTANT: 7oo high a flame will burn out 
the reactor plate. 


3. Move the pick-up hose slowly around and 
under all parts of the system particularly at 
connection points. 


WARNING: Do not breathe fumes 
or smoke, particularly from a large 
leak. Avoid using an open flame near surfaces 
which can be easily damaged by heat. Ensure a 
fire extinguisher is readily available. 


4. Check the evaporator and condenser cores 
by probing with the end of the pick-up 
hose. 


NOTE: A slight leakage from the compressor 
shaft seal and a small amount of refrigerant 
vapour in the pulley area is normal. If there is 
doubt concerning the extent of the leakage in 
these areas, clear with compressed air and 
repeat the test. 


5. During the testing procedure, observe the 
flame for colour changes as follows: 


e Pale Blue— Normal 


e Yellow or Yellow-Green— Slight Leak 


e Bright Blue or Purple— Large Leak 


NOTE: 7o facilitate leak detection on the high 
pressure side, operate the system for a few 
minutes then stop the engine and test immed- 
iately before the system pressures have a 
chance to equalise. 


6. If a slow leak is suspected but cannot be 
detected, the system may have to be over- 
charged. This is effected by increasing the 
refrigerant charge by 50% and repeating 
the test. This action will increase the 
system pressure (without being danger- 
ous) and make a small leak more easily 
detected. 


7. When the leak is located proceed as 
follows: 


e Discharge the system 


e Repair the leak 


e Evacuate the system 


e Charge the system 


Electronic Leak Detector 


This instrument (Tool No. 0855 or 14750), 
indicates leaks electronically by flashing a light 
or sounding an alarm signal. Directions for use 
are furnished with the instrument. 


_12.7mm 
~ (0.5in) 


(1.12in) 


33.3mm 
(1.31lin) 


Figure 14 
Compressor Oil Level Indicator 


Compressor Oil Level Check 


Compressor oil level checks are not required 
under normal operating conditions when the 
air conditioning system is functioning satis- 
factorily. However, the oil level should be 
checked whenever refrigerant has been added 
or replaced. 


The compressor oil level can only be checked 
with the compressor removed from the tractor, 
therefore, the system must first be discharged, 
see ‘Discharging the System’. To check the oil 
level proceed as follows: 


1. Use Oil Dipstick, Tool no. 6387, or 
fabricate an oil level indicator according to 
the measurements shown in Figure 14. 
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Figure 15 
Checking Compressor Oil Level 


1. Oil Level Check and Fill Port 
2. Oil Dipstick— Tool No. 6387 


2. Remove the oil filler plug slowly to relieve 
residual crankcase pressure. Insert the oil 
level indicator and check the oil level, 
Figure 15. 


NOTE: /f necessary, rotate the compressor 
crankshaft to facilitate insertion of the oil 
indicator. 


3. Pour the correct grade and quantity of 
NEW refrigerant oil (see ‘Specifications’) 
through the filler aperture and replace the 


plug. 


NOTE: Each ounce (28 gram) of oil added will 
raise the indicator reading approximately 0.25 
in (6 mm). 


Refrigerant Oil 


Only new, pure, moisture free refrigeration oil 
should be used in the air conditioning system. 
Refrigeration oil is highly refined and 
dehydrated, therefore, the oil container must 
always be kept tightly sealed when not in use. 
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Discharging the System 


If the refrigerant is contaminated by any 
substance such as air, moisture or dirt, the 
system must first be discharged to remove all 
refrigerant and then evacuated. 


Discharging or purging the system is also 
necessary before attempting to replace or 
repair any of the components, and a manifold 
gauge set is used to control the rate of 
discharge thus minimising the loss of 
refrigerant oil. 


IMPORTANT: Prior to connection of the 
manifold gauge set, identify the suction (low 
pressure) and discharge (high pressure) 
service gauge ports. The high pressure service 
valve is always in the line from the compressor 
to the condenser. 


Discharging Procedure 


With reference to Figure 16. 


1. Connect the Manifold gauge Set, Tool No. 
0172 or 40153, see ‘Manifold Gauge Set 
Connection’. 


2. Place the manifold centre hose in a service 
bay exhaust outlet. 


3. Slowly open the low side gauge hand 
valve (% turn counter-clockwise) to allow 
the refrigerant to flow out of the centre 
hose without loss of refrigerant oil. 


IMPORTANT: /f the refrigerant is allowed to 
escape too fast, compressor oil will also be 
ejected and lost from the system. 


ONOMNAWN— 


Figure 16 


Discharging the System— Compressor with 
Schrader Type Service Valves 


. High Side Service Valve 
. Service Bay Exhaust Outlet 


Centre Hose 


. High Side Gauge Hand Valve 


Low Side Gauge Hand Valve 
Low Side Compound Gauge 


. High Side Gauge 
. Low Side Service Valve 


When the manifold gauge readings drop 
below 50 Ibf/in2 (3.45 bar) (3.52 kgf/cm2) 
slowly open the high side gauge valve and 
adjust to ensure no oil is ejected. 


‘Observe the gauge readings and, as the 
system pressure drops, slowly increase the 
hand valve openings until the gauges 
indicate zero pressure. 


Nees 


ees CHAPTER 1 


Evacuating the System 


IMPORTANT: A system which is excessively 
low on refrigerant, or where the refrigerant has 
been removed to facilitate repairs, must be 
evacuated with a vaccum pump before new 
refrigerant is installed. 


Air and moisture are removed by evacuating 
the system using a Vacuum Pump, Tool No. 
0179 or 15037, and Manifold Gauge Set, Tool 
No. 0172 or 40153. As the vacuum pump 
lowers the pressure of the system, the boiling 
point of the moisture in the system is also 
lowered. Therefore, when evacuating the 
system, the boiling point of any moisture in the 
system must be lowered to a point below the 
ambient temperature to ensure all the moisture 
is boiled off. 


The relationship of system vacuum to the 
boiling temperature at which the water vapour 
is removed from the system is as follows: 


Cm. of In 
Mercury | Mercury °C 


Figure 17 
Evacuating the Systermn — Compressor with 
Schrader Type Service Valves 
. High Side Service Valve 
. Vacuum Pump Suction Port 
. Vacuum Pump Vented Exhaust Valve 
Centre Hose 
. High Side Gauge Hand Valve 
Low Side Gauge Hand Valve 
. Low Side Compound Gauge 
. High Side Gauge 
. Low Side Service Valve 
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NOTE: For every 1000 feet (305 m) above sea 
level, the vacuum gauge reading must be 
corrected by adding 7 in (2.54 cm) of Mercury 
to compensate for the change in atmospheric 
pressure. 


Evacuating Procedure 


With reference to Figure 17. 


IMPORTANT: Ensure the system is com- 
pletely discharged as refrigerant will damage 
the vacuum pump. 
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1. Connect the manifold gauge set, see 
‘Manifold gauge Set Connection’. 


2. Connect the manifold centre hose to the 
vacuum pump suction port. 


3. Fully open both the low and high side 
manifold hand valves. 


4. Close the vacuum pump vented exhaust 
valve by turning clockwise until the valve 
gently seats. 


5. Start the vacuum pump and note the low 
side gauge to ensure the system pulls 
down into a vacuum. 


6. Open the vented exhaust valve by turning 
approximately one revolution counter- 
clockwise. 


7. When the low side gauge attains the 
lowest steady vacuum, close the vented 
exhaust valve. 
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NOTE: The pump achieves ultimate vacuum 
with the vented exhaust valve closed. 


Time the evacuation for a minimum of 20 
minutes from the point when lowest 
vacuum is attained. 


8. Check the system for leaks by closing the 
manifold hand valves, turning the vacuum 
pump off and noting the low side gauge 
reading. A drop of more than 2 in (5 cm) of 
vacuum in 5 minutes indicates a leak in the 
system. 


NOTE: A further procedure for detecting 
leaks, with both hand valves still closed, is to 
remove the manifold centre hose from the 
vacuum pump and connect the hose to a full 
can of refrigerant, Figure 18. Open both the 
low side hand valve and the refrigerant can 
valve a quarter turn to allow all the refrigerant, 
approzimately 14 oz (400 g/, to enter the 
system. Close the refrigerant can valve and 
conduct a system leak test, se ‘Leak Testing 
Procedure’. 


Discharge the system, repair the leak then 
repeat the evacuation procedure. 


9. If the gauge needle remains stationary and 
the vacuum is maintained for 3—5 
minutes, close both the high and low side 
manifold hand valves, turn off and 
disconnect the centre hose from the 
pump. The system is now ready for 
charging. 
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Charging the System 


IMPORTANT: Ensure there are no leaks in the 
system, the compressor oil level is correct and 
the system has been fully evacuated. Observe 
all safety recommendations when handling 
Refrigerant R-12, see ‘Precautions When 
Handling Refrigerant R-12’. 
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Refrigerant Can Method 


With reference to Figure 18. Figure 18 


Charging the System— Compressor with 
Schrader Type Service Valves 


. High Side Service Valve 
1. Refer to ‘Specifications’ to determine the eh a Ngan: R-12 
amount of refrigerant required. Set out the . Sight Glass 


. Centre Hose 

. High Side Gauge Hand Valve 
. Low Side Gauge Hand Valve 
. Low Side Compound Gauge 
. High Side Gauge 

10. Low Side Service Valve 


exact number of 14.0z (400 g) cans required 
to the nearest 14 oz (400g). 


OONOOARWN— 


To determine when half a can of refrigerant has 
been charged into the system, use either one 
or both of the following methods: 


4. Loosen the centre hose connection at the 
manifold, open the can valve slowly and 
allow escaping refrigerant to purge air from 
the centre hose for about three seconds. 
Retighten the hose connection. 


e Weigh the can before charging and stop 
when half of the original weight is reached. 


e Stop charging when extreme cold is felt 
half-way down the can. 


2. Connect the Manifold Gauge Set, Tool No. 
0172 or 40153, see ‘Manifold Gauge Set 
Connections’. 
5. Open both the low and high side hand 
valves and allow the full refrigerant charge 
to flow into the system. When the refriger- 


3. Attach a safety type can valve to the mani- 
fold centre hose then nstall the valve on the 
refrigerant can, see ‘Refrigerant Can 
Valve’. 
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ant can is empty, close the can valve, 
install a new can and repeat the process. 
When the system is fully charged close the 
manifold hand valves. 


U0#§=$H8Gtss PART 13—ACCESSORIES AND GENERAL ee 


IMPORTANT: Do not overcharge the system. 
Too much refrigerant, or air, in the system will 
create excessive pressure in the compressor 
head. This condition will be indicated by a 


higher than normal reading on the high — 


pressure gauge and a normal reading on the 
low presure gauge, refer to Pressure- 
Temperature Chart, see ‘Trouble Shooting’. 


It may be necessary to warm the remaining 
refrigerant cans to develop sufficient 
pressure to fully charge the system after 
the first can has been used. The refrigerant 
can should only be warmed after being 
connected to the system for charging. 


WARNING: /f the can must be 
warmed, use hot water or wet clothes 
at temperatures not exceeding 49°C (120°F). 
Never app/y direct heat. 


6. With both gauge valves closed, start and 
Operate the engine at approximately 
1000—1200 rev/min. with the system 
controls set at maximum cooling and high 
fan speed. Check the sight glass which 
should be free of bubbles when the system 
is fully charged. 


NOTE:. The ambient temperature at the 
condenser should be at least 21°C (70°F) for an 
accurate check. Below this temperature, 
bubbles may appear in the sight glass even 
though the system contains the correct 
amount of refrigerant. 


7. Test the system for satisfactory operation, 
see ‘Performance Testing the System’. 
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8. If the system is operating satisfactorily, 


stop the engine, disconnect the gauge set 
and replace the protective caps on the 
compressor service valves. 


9. After the system has been charged, test for 
leaks, see ‘Leak Testing Procedure’. 


WARNING: A significant amount of 
refrigerant vapour may have 
condensed to a liquid at the service fitting at 
the high side of the compressor. Use a cloth or 
other protective material when disconnecting 
the manifold hose from this fitting. 


Performance Testing the System 


After completion of all repairs and the system 
is fully charged with refrigerant R-12, the air 
conditioner should be operated = and 
performance tested to ensure all control com- 
ponents are operating correctly and the system 
is cooling satisfactorily. 


1. Connect the Manifold Gauge Set, Tool No. 
0172 or 40153, see ‘Manifold Gauge Set 
Connection’. 


2. Shut off the heater water control valves at 
the engine. 


3. Set the air conditioning controls for 
maximum cooling and low fan speed. Set 
the air vent in the cab roof to the fresh air 
position and place a Thermometer, Tool 
No. 0174 or 10596, in the centre of the right 
hand air outlet louvre at the front of the cab 
roof. 
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4. Set the parking brake, ensure the gear 
levers are in neutral, start the engine and 
close the cab windows and doors. 


5. Operate th engine for 100 minutes at 
1000— 1200 rev/min. 


6. Check the thermometer reading which will 
vary according to outside air temperature 
and humidity conditions. At an ambient 
temperature of 21°C (70°F) with low 
humidity, the thermometer reading should 
be within the range 2° — 13°C (35° — 55°F). 
If the outside air is well above 21°C (70°F) 
and the humidity is high, the thermometer 
reading could be as high as 13°—19°C 
(55° — 65°F). 


7. Check the manifold low pressure gauge 
reading is within the specified range of 
approximately 4—36 Ibf/in? (0.28—2.48 
bar) (0.28—2.53 kgf/cm2?). 


8. Check the manifold high pressure gauge 
reading as indicated in the chart below. 


COMPRESSOR OVERHAUL 


Three overhaul kits are available for service: 


e Valve Plate Kit comprising: 
Valve Plate Assembly 
Cylinder Head Gasket (metal) 
Valve Plate Gasket (composition) 


e Gasket Kit comprising: 
Cylinder Head Gasket (metal) 
Valve Plate Gasket (composition) 
Front Seal Plate “‘O”” Ring 
Crankcase Base Plate ‘’O”’ Ring 
Crankcase Rear Plate ‘’O”’ Ring 
Oil Level Check Plug Flat Washer (copper) 


¢ Seal Kit comprising: 
Front Seal Plate 
Seal Plate Retainer 
Carbon Seal 
Bellows Seal Assembly 
Front Seal Plate ‘‘O’’ Ring 
Dust Shield 


The only other compressor components to be 


‘serviced are the clutch, clutch coil and clutch 
pulley. Any other faulty components will 


necessitate replacement of the complete 
compressor. 


REMOVAL 


Discharge the system. Disconnect and remove 
both the service valve and hose assemblies 
from the compressor. 


Immediately cap the valve ports in the 
compressor head and the service valves to 
prevent entry of dirt and moisture. Withdraw 
the retaining bolts and remove the 
compressor. 


Approximate Test Pressure Ranges 


Ambient Air Temperature High Pressure Gauge Reading 
wffin? [bar _—ikat/em® 


120—170 


8.4—12.0 
10.6—13.4 
12.0—15.5 
13.4—17.6 


8.3—11.7 
10.3— 13.1 
11.7—15.2 
13.1—17.2 
220— 300 15.2—20.7 15.5—21.1 
270—370 18.6—25.5 19.0—26.0 


NOTE: Ambient temperature readings are taken at a point 50 mm (2 in) in front of the condenser. 


150— 190 
170—220 
190 — 250 
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Figure 19 
Clutch Assembly Removal 


1. Clutch Spanner Wrench— Tool No. 6386 

or 10546 
2. Clutch Removing Bolt— Tool No. 6389 or 10548 
3. Clutch Hub 


DISASSEMBLY 


1. Use the Clutch Spanner Wrench, Tool No. 
6386 or 10546, to hold the clutch hub 
stationary and remove the retaining bolt 
from the end of the shaft. 


2. Install the Clutch Removing Bolt, Tool No. 
6389 or 10548, Figure 19. Hold the hub 
stationary, using the spanner wrench tool, 
and tighten the bolt until the clutch 
assembly is removed from the shaft. 


3. Remove the six hex head screws which 
retain the seal plate retainer. 


4. Remove and discard the seal plate retainer. 


5. Carefully remove the dust shield to avoid 
marking the shaft. Discard the dust shield. 


6. Remove and discard the front seal plate 
and the seal plate ‘‘O”’ Ring, Figure 20. 


Figure 20 
Seal Seat Plate Removal 


1. Shaft Seal 
2. Secondary Dust Shield and Seal Seat Plate 
3. Shaft 


NOTE: /f a flat gasket is used instead of an ““O”’ 
Ring, remove all traces of the gasket. Ensure 
the seal recess, compressor shaft and seal 
plate face on the compressor are completely 
clean. 


7. Engage the tangs of the Compressor Seal 
Puller, Tool No. 6390 or 10549, behind the 
seal on the shaft. Rotate the ring part of the 
tool to lock the tangs over the seal, Figure 
21. 


8. Turn the centre bolt of the tool clockwise 
until the bellows seal is removed from the 
shaft. Discard the bellows and carbon 
seals. 


9. Remove the inner rubber shaft seal and 
retainer ring from the shaft. Discard the 
seal and ring. 


NOTE: 7he shaft and ring may come off with 
the bellows seal. 


10. Remove all dirt and foreign material from 
crankcase mating surface to seal plate, 
exposed crankshaft and adjacent surfaces. 
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Figure 21 
Shaft Seal Removal 
1. Shaft Seal 
2. Compressor Seal Puller— Tool No. 6390 or 10549 
3. Shaft 


RE-ASSEMBLY 


ie 


Coat exposed surfaces of the crankshaft 
with clean refrigeration oil. Dip a new 
bellows seal assembly in clean refrigeration 
oil. Place the seal assembly over the 
crankshaft with the bright metal cup end 
facing outward. Hand push the bellows 
seal assembly on to the shaft to a position 
beyond the shaft taper. Do not push the 
seal into the cavity. 


Assemble a carbon seal in the bellows seal 
assembly, checking before doing so to see 
that the bellows seal assembly and the 
crankshaft are free from dirt and foreign 
material. Assemble the carbon seal so that 
the raised face is ouwards and that the 
notches in the seal ring line up with the ribs 
in the bellows seal assembly. Cover 
exposed surface of the carbon seal with 
clean refrigeration oil. 


Insert a new “O” Ring into the crankcase 
groove on the mating surface for the front 
seal plate. 


Place a new front seal plate over the shaft 
with the machined surface facing the 
carbon seal. 
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5. Place a new seal plate retainer over the 
shaft and line up the mounting holes. With 
one hand on each side of the seal place 
retainer, push the retainer, seal plate and 
bellows seal assembly up against the 
crankshaft. 


6. Install the bolts in the seal plate and finger 
tighten. Remove the tool. 


7. Tighten the seal plate bolts in a circular ora 
diagonal pattern to the correct torque, see 
‘Specifications’. 


8. Rotate the shaft, by hand, 15—20 
revolutions to seat the seal parts. 


9. Place a new dust shield on the crankshaft 
so the cupped portion is toward the seal 
plate. Puch the shield onto the crankshaft 
as far as possible with fingers only. Keep 
the shield square with the shaft. 


NOTE: After re-assemb/y, fill and check the 
compressor oil level. 


CYLINDER HEAD AND VALVE PLATE 
REMOVAL 


1. Remove the 12 bolts from the cylinder 
head. 


2. Remove the valve plate and cylinder head 
assembly from the crankcase by lightly 
tapping upwards with a fibre hammer on 
the overhanging edge of the valve plate. 


3 Remove the valve plate from the cylinder 
head by holding the valve plate and tapping 
sideways against the cylinder head with a 
fibre hammer or mallet. Discard the valve 
plate. 


4. Remove all particles of gasket, dirt and 
foreign material from the cylinder head and 
cylinder face surfaces, making sure not to 
scratch or nick mating surfaces or edges. 
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Figure 22 
Cylinder Head Bolt Tightening Sequence 


RE-ASSEMBLY 


1. Locate a clean new composition valve 
plate gasket over the crankcase cylinder 
face. 


2. Place a new valve plate assembly over the 
composition valve plate gasket with the 
letter ‘‘S’’ stamped on the valve plate 
visible and on the same side as the word 
‘suction’ embossed on the front of the 
crankcase. Be sure the valve plate 
mounting holes line up with those in the 
gasket and cylinder face. 


3. Place a clean new metal cylinder head 
gasket over the valve plate with the largest 
circular hole in the gasket over the top 
suction port. 


> 


Place the cylinder head over the metal 
cylinder head gasket with the word 
‘suction’ embossed on the cylinder head 
on the same side as the word ‘suction’ 
embossed on the front of the crankcase. 
Be sure the cylinder head bolt holes line up 
with those in the gaskets valve plate and 
cylinder. 
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Install the 12 cylinder bolts finger tight, 
then tighten in the sequence shown in 
Figure 22 to the correct torque, see ‘Speci- 
fications’. 


6. Install the shaft key. Reinstall the clutch 
and tighten the clutch mounting bolt to a 
torque of 15—20 Ibf.ft (20—27 Nm) 
(2.0—3.0 Kgm). Tightening the clutch 
mounting bolt automatically presses the 
dust shield onto the shaft and into its 
correct location. 


AIR CONDITIONING COMPRESSOR 
CLUTCH 


INSTALLATION 


NOTE: /f the clutch coil assembly is not 
correctly installed to the cormpressor, damage 
to the clutch assembly will occur. Installation 
of the compressor clutch foHlows the removal 
procedure in reverse, but observe the 
following: 


e Only the specified screws with captive 
lockwashers must be used. 


e The screws must be tightened to a torque 
of 7—10 Ibf.ft (10—14 Nm). 


COMPRESSOR 
INSTALLATION 


Installation of the air conditioning compressor 
follows the removal procedure in reverse. 


Whenever a new service clutch is installed, it 
should be burnished to ensure slippage does 
not occur during field operation. The clutch 
can be burnished as follows: 


1. Operate the tractor stationary at 1500 
rev/min with the ambient air temperature 
at least 21°C (70°F). 


2. Turn the air conditioning temperature 
control switch clockwise to the maximum 
cool position. 


3. Cycle the fan switch on and off at 3 second 
intervals for 30 cycles. 

DRIVE BELT TENSION 

When installing a new belt or tightening an 

existing one, use the following procedure: 


1. Loosen the compressor mounting bolts, 
tip the compressor and install a new belt. 


2. Donot force the belt over the pulley as this 
will promote premature stretching. 


CHAPTER 1 


Figure 23 
Condenser/Oil Cooler— TW-5 and TW-15 
. Track and Sliding Rail 
. Condenser Hoses 
. Thumb Screw 
. Condenser/Oil Cooler Assembly 
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3. Adjust the belt to the correct tension, see 
Specifications, by moving the compressor 
across the slotted mounting plate. 


4.. Operate the tractor for 10 minutes and 
recheck the belt tension. 

CONDENSER ASSEMBLY — OVERHAUL 

REMOVAL 

NOTE: The condenser assembly can only be 


removed after the entire system has been 
discharged, see ‘Discharging the System’. 


With reference to Figures 23 and 24. 
1. Remove the front grille and side panels. 
2. Discharge the air conditioning system. 


3. Remove the air conditioning hoses and the 
oil cooler hoses from the condenser/oil 
cooler assembly. 


4. Remove the thumb screw and slide out the 
condenser/oil cooler assembly from the 
track. 


31 


Figure 24 
Condenser/Oil Cooler — TW-25 and TW-35 
1. Track 
2. Hydraulic Oil Hoses 
3. Thumb Screw 
4. Condenser Hoses 


INSPECTION AND REPAIR 


1. Inspect the condenser assembly fins for 
damage and ensure they are free from 
obstruction. 


2. Check the condenser asembly for signs of 
leakage. If damage or leads are evident 
intall a new assembly. 


INSTALLATION 

Installation of the condenser asembly follows 
the removal procedure in reverse. On 
installation observe the following _ re- 
quirements: 


e Install new “O” Rings at the hose to 
condenser connections. 


NOTE: The “O” Rings should be soaked in 
refrigerant oil prior to installation. 


e Tighten all hose couplings to the correct 
torques, see ‘Specifications’. 


e Tighten all retaining bolts to the correct 
torques, see ‘Specifications’. 


e Prior to running the air conditioner, 
evacuate and re-charge the system with 
refrigerant R-12, see ‘Evacuating the 
System’ and ‘Charging the System’. 
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SELF-SEALING COUPLINGS 
With reference to Figure 25. 


Self-sealing couplings are installed in the air 
conditioning lines to enable the tractor to be 
split without having to discharge the system. 
These self-sealing couplings facilitate: 


e Cab removal and replacement. 


e Separation of the tractor between the 
engine and front transmission. 


e Separation of the tractor between the front 
transmission and rear axle assembly. 


The couplings, one situated in the condenser 
to dehydrator high pressure liquid line and the 
other in the evaporator to compressor line, are 
located adjacent to each other on a bracket 
installed on the left-hand side at the rear of the 
tractor. 


IMPORTANT: 7o separate the engine and 
front axle assembly the air conditioning system 
must be discharged. 


DEHYDRATOR AND RECEIVER 
ASSEMBLY 


REMOVAL 


The dehydrator and receiver assembly may 
only be removed after the air conditioning 
system has been discharged, see ‘Discharging 
the System’. 


With reference to Figure 26. 


1. Remove the cab retaining bolts and prop 
open the cab roof. 


2. Disconnect the high pressure inlet 
coupling from the dehydrator and receiver. 


3. Disconnect the expansion valve inlet 
coupling. 


4. Unscrew and remove the dehydrator and 
receiver retaining bolts and withdraw the 
assembly. 


5. Cap or plug all exposed hose and pipe 
ends. 


Figure 25 
Self-Sealing Couplings 
1. Self-Sealing Coupling (High Pressure) 
2. Self-Sealing Coupling (Low Pressure) 
3. Self-Sealing Coupling to Bracket Retaining Nut 
4. Self-Sealing Coupling to Bracket Retaining Nut 


INSTALLATION 


Installation of the dehydrator and receiver 
assembly follows the removal procedure in 
reverse. On installation observe the following 
requirements. 


e Install new ‘O’ Rings at the hose to receiver 
connections. 


NOTE: The “O” Rings should be soaked in 
refrigerant oil prior to installation. 


e Tighten all couplings to the correct torque 
values, see ‘Specifications’. 


e Prior to running the air conditioner, 
evacuate and recharge the system with 
refrigerant R-12, see ‘Evacuating the 
System’ and ‘Charging the System’. 


CHAPTRR? EEE 


3. Unscrew the expansion valve to evapora- 
tor coupling then release the temperature 
sensing bulb retaining clamp and withdraw 
the bulb from the evaporator. 


4. Release the expansion valve inlet coupling 
then withdraw the valve from the cab roof. 


5. Cap or plug all exposed hose and pipe 
ends. 


INSTALLATION 


Figure 26 
Expansion Valve and Dehydrator and ; ; 
Receiver Assembly Installation of the expansion valve assembly 
1. Thermostatic Switch and Capillary Tube follows the removal procedure in reverse. On 
2. ala and Receiver Assembly Retaining installation observe the following require- 
olts 
3. Dehydrator and Receiver Assembly Inlet ments: 
Couplings 
4. Dehydrator and Receiver Assembly , 
Oe ealelaall bhatt ¢ Ensure the temperature sensing bulb is in 
6. Expansion Valve Assembly : | 
7. Equaliser Tube direct contact with the evaporator outlet 
8. Temperature Sensing Bulb Retaining Clamp pipe and the retaining clamp screw is 
9. Expansion Valve Outlet Coupling tightened to the correct torque, see ‘Speci- 
10. Expansion Vaive Inlet Coupling heations” 


EXPANSION VALVE ASSEMBLY — 


VERHAUL 
: e Wrap all outlet (suction) tubes from the 


evaporator, and the temperature sensing 
bulb, with tape to Ford Specification 
REMOVAL ; 
= ESA—M99G50—A. 


NOTE: 7he expansion valve assembly can only 
be removed after the entire system has been e Install new ‘’O” Rings at the hose to expan- 
discharged, see ‘Discharging the System’. sion valve connections. 


NOTE: 7he “O” Rings should be soaked in 
With reference to Figure 26. refrigerant oil prior to installation. 


e Tighten all couplings to the correct 
1. Remove the cab roof retaining bolts then torques, see ‘Specifications’. 
lift the roof and support on the prop. 


e Prior to running the air conditioner 

7 evacuate and re-charge the system with 

2. Release then withdraw the expansion refrigerant R-12, see ‘Evacuating the 
valve equaliser tube from the evaporator. System’ and ‘Charging the System’. 
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HEATER AND EVAPORATOR 
ASSEMBLY —OVERHAUL 


IMPORTANT: For models equipped with air 
conditioning the evaporator and heater are 
contained within a single assembly. 


REMOVAL 


NOTE: The heater and evaporator assembly 
can only be removed after the entire system 
has been discharged, see ‘Discharging the 
System’. 


With reference to Figures 26 and 27. 


1. Remove the cab roof retaining bolts then 
lift the roof and support on the prop. 


2. Drain the engine coolant system then 
release the heater hose retaining clips. Pull 
the hoses off the inlet and outlet tubes of 
the heater and evaporator assembly. 


3. Disconnect the evaporator outlet tube 
from the evaporator. 


4. Release then withdraw the expansion 
valve equaliser tube from the evaporator. 


5. Unscrew the expansion valve to evapora- 
tor coupling then release the temperature 
sensing bulb retaining clamp nut and 
withdraw the blub from the evaporator. 


6. Carefully withdraw the termostatic switch 
capillary tube from the evaporator core. 


7. Remove the heater and evaporator retain- 
ing screws then lift and withdraw the 
assembly from the tractor roof. 


8. Cap or plug all exposed hose and pipe 
ends. 


INSPECTION AND REPEAIR 


1. Inspect the heater and _ evaporator 
assembly fins for damage and ensure they 
are free from obstruction. 


2. Check the heater and evaporator assembly 
for signs of leakage. If damage or leaks are 
evident install a new assembly. 


Figure 27 

Heater and Evaporator Assembly 
Dehydrator and Receiver Assembly 
Inner Roof Assembly 
Blower Motor 
. Control Valve to Heater Hose (Inlet) 
. Heater to Engine Hose (Outlet) 
. Heater and Evaporator Assembly 


ON RWN> 


INSTALLATION 


Installation of the heater and evaporator 
assembly follows the removal procedure in 
reverse. On installation observe the following 
requirements: 


e Install the capillary tube 3.0 in (76 mm) into 
the heater and evaporator assembly, 5.0 in 
(127 mm) from the inlet side and 1.75 in (44 
mm) up from the bottom. 


e Install new ‘‘O’ Rings at the hose to heater 
and evaporator assembly connections. 


NOTE: 7he “O” Rings should be soaked in 
refrigerant oil prior to installation. 


e Tighten the tube couplings to the correct 
torque, see ‘Specifications’. 


e Tighten the retaining bolts to the correct 
torque, see ‘Specifications’. 


e Prior to running the air conditioner, 
evacuate and re-charge the system with 
refrigerant R-12, see ‘Evacuating the 
System’ and ‘Charging the System’. 
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C. AIR CONDITIONING SYSTEMS — TROUBLE SHOOTING, 
SPECIFICATIONS AND SPECIAL TOOLS 


SYSTEM TROUBLE SHOOTING 

The most important factor to consider in air 
conditioning system trouble shooting is 
verification of the problem by observing the 
system operation. 

In most instances, complaints about un- 
satisfactory operation of an air conditioning 
system will be: 

(a) ““NO COOLING” 

(b) “INSUFFICIENT COOLING” 

(c) “INTERMITTENT COOLING” 

(d) “NOISY SYSTEM” 

To assist in the diagnosis of the fault, deter- 
mine under which of the headings the problem 
may be classified then check the system 


according to the relevant trouble shooting 
guide shown as follows: 


(a) NO COOLING FROM THE SYSTEM 

1. Broken refrigerant line. 

2. Leak in system. 

3. Loose or defective drive belt. 

4. Blown fuse. 

5. Broken or disconnected earth wire. 

6. Broken or disconnected electrical wire. 

7. Electric switch contacts in thermostat 
burned excessively or sensing element 
defective. 

8. Ignition switch or relay burned out. 


9. Clutch coil burned out or disconnected. 


10. Compressor partially or completely frozen. 


11. 


12. 


13. 


14. 


15. 


16. 


(b 
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10. 


Compressor reed valves inoperative — 
indicated by only slight variations of both 
gauge readings at any engine speed. 


Compressor shaft seal leaking. 
Blower motor disconnected or burned out. 


Expansion valve stuck open — indicated 
by normal head pressure, high suction 
pressure and evaporator flooding. 


Clogged screen or screens in receiver — 
dehydrator or expansion valve. 


Heater valve inoperative - indicated by hot 
water in heater and hot discharge air from 
evaporator. 


INSUFFICIENT COOLING FROM 


SYSTEM 


. Blower motor sluggish in operation. 
. Obstructed blower discharge passage. 


. Insufficient air circulation over condenser 


coils (fins clogged). 


. Evaporator fins clogged. 

. Compressor clutch slipping. 

. Clogged air intake filter. 

. Outside air vents open. 

. Insufficient refrigerant in system. 


. Cogged screen in expansion valve — 


indicated by gauge pressures being normal 
or showing slightly increased head 
pressure and low suction pressure with 
high discharge output temperature. 


Expansion valve thermal bulb has lost 
charge — indicated by too high a low 
gauge reading and excessive sweating of 
evaporator and suction line. 
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11. Clogged screen in receiver — indicated by 
higher than normal reading on low 
pressure gauge and receiver and liquid 
lines cold to touch with possible frost. 


12. Excessive moisture in system — indicated 
by excessive head pressure gauge reading. 


13. Air in system — indicated by excessive 
head pressure and possibly bubbles in 
sight glass. 


14. Thermostat defective or improperly 


adjusted — indicated by low gauge reading 
high or clutch cycling at too high a reading. 


INTERMITTENT COOLING 


= 


(c 
1. Defective blower switch or blower motor. 


2. Improper earthing or loose connection in 
compressor Clutch coil. 


3. Compressor clutch slipping. 

4. Unit icing up — may be caused by exces- 
sive moisture in system, incorrect super 
heat adjustment in expansion valve or 
thermostat adjusted too low. 

5. Thermostat defective or improperly ad- 
justed — indicated by low pressure gauge 
reading low or excessively high and 
adjustment will not correct. 


6. Evaporator fins clogged. 


(d) NOISY SYSTEM 

1. Loose panels on tractor. 

2. Noisy clutch. 

3. Loose or excessively worn drive belts. 


4. Compressor oil level low — lower parts of 
compressor hot. 


5. Compressor noisy — loose mountings or 
worn inner parts. 


6. High pressure service valve closed — 
compressor has excessive knocking noise, 
high pressure gauge reads above normal. 


7. Excessive charge in system — rumbling 
noise or vibration in high pressure line, 
thumping noise in compressor, excessive 
head pressure and suction pressure, 
bubbles or cloudiness in sight glass, or low 
head pressure. 


8. Low charge in system — hissing in 
evaporator case at expansion valve, 
bubbles or cloudiness in sight glass or low 
head pressure. 


9. Excessive moisture in system — expansion 
valve noisy, suction pressure low. 


10. Blower fan noisy — excessive wear in 
motor. 


TO assist in determining why the air condition- 
ing system is not operating at normal effi- 
ciency, the following pages summarise the 
common causes of improper cooling and 
provide corrective procedures for each 
condition. 


To determine which conditions apply to a 
particular complaint, conduct the diagnosis 
procedure as follows: 


Diagnosis Procedure 


1. Connect the manifold gauge set, see 
‘Manifold Gauge Set Connections’. 


2. Operate the air conditioner to stabilise the 
system, see ‘Stabilising the System’. 


3. Perform an operational test and compare 
actual gauge readings and indications with 
those listed under ‘Conditions’. 


4. Note the trouble as listed under ‘Diagnosis’ 
and make any additional tests as indicated. 


5. Perform all the repair procedures as 
indicated under ‘Correction’. 
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IMPORTANT: The high pressure gauge Test Conditions 

readings illustrated are for an ambient 1. Tractor engine speed set at 1000— 1200 
temperature of 35°C (95°F). If the temperature rev/min. 

in the testing area is not the same, refer to the 

“PRESSURE TEMPERATURE RELATION- 2: %YStem fully charged. 

SHIP” chart, shown below, for equivalent NOTE: Ambient air ternperature readings are 
readings. taken 50 mm (2 in) in front of the condenser. 


PRESSURE — TEMPERATURE RELATIONSHIP 


Evaporator Temperature Low Pressure Gauge Reading 


c 
1 
| 
{ 
| 
| 
) 
i 
I 
i 
{ 
{ 
i 


Evaporator Temperature Low Pressure Gauge Reading 
60 ; ; 
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18.3—29.6 
280 — 310 —19.3—21.4 19.7—21.8 
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1. NO COOLING 
LOW SIDE LOW 


HIGH SIDE LOW 


2. INSUFFICIENT COOLING 


LOW SIDE LOW HIGH SIDE LOW 


Condition 

1. Low side pressure too low. Gauge should 
read 15—30 Ibf/in? (1.03—2.07 bar) 
(1.05—2.11 kgf/cm?). 

2. High side pressure too low. Gauge should 
read 185—205 Ibf/in? (12.75—14.12 bar) 
(13.01 — 14.41 kgf/cm?). 

3. Bubbles in sight glass. 

4. Evaporator air not cold. 


Diagnosis 
System low on refrigerant. May be caused by 
small leak. 


Correction 


1. Leak test the system. 


2. Repeair leaks. (Discharge the system, 
replace lines or components). 


3. Check compressor oil level. 


4. Evacuate the system. 


5. Charge the system. 


6. Performance test the system. 


Condition 

1. Low side pressure very low. Gauge should 
read — 15—30 Ibf/in? (1.03—2.07 bar) 
(1.05—2.11 kgf/cm?). 


2. High side pressure too low. Gauge should 


read 185—205 Ibf/in? (12.75—14.12 bar) 
(13.01— 14.41 kgf/cm?). 

3. No liquid or bubbles in sight glass. 

4. Evaporator air warm. 


Diagnosis 

System refrigerant is extremely low. A serious 
leak is indicated. 

Correction 


1. Leak test the system. 


NOTE: Give special attention to the 
compressor seal area. 


2. Discharge the system. 
3. Repair leaks. 


4. Check compressor oil level to assure no 
loss. 


5. Evacuate the system. 
6. Charge the system. 


7. Performance test the system. 
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3. INSUFFICIENT COOLING 4. INSUFFICIENT COOLING 
LOW SIDE HIGH SIDE LOW SIDE HIGH SIDE 
NORMAL NORMAL HIGH LOW 


Condition Condition 
1. Low side pressure reading does not 1. Low side pressure reading too high. 
change. With a thermostatic control, Should read 15—30 Ibf/in? (1.03—2.07 
pressure should drop until compressor bar) (1.05—2.11 kgf/cm?). 
cycles. 2. Highside pressure reading too low. Should 
2. High side pressure reading normal, but read 185—205 Ibf/in? (12.75—14.12 bar) 
may range towards high. Should read (13.01 —14.41 kgf/cm?). 
185—205 Ibf/in? (12.75—14.12 _ bar) i, 
(13.01—14.41 kgf/cm?). 3. No bubbles in sight glass (system fully 
3. Few or no bubbles in sight glass. charged). 
4. Evaporator air not cold. 4. Evaporator air not cold. 
Diagnosis Diagnosis 
Non-condensables (air or moisture) present. Internal leak in compressor caused by reed 
System not fully charged. valves or gaskets leaking. Worn or scored 
; pistons, rings or cylinders. 
Correction 
1. Leak test the system. Correction 


NOTE: Give special attention to the 


1. Discharge systerm—Disconnect and 
compressor seal area. 


remove compressor, see compressor 
2. Discharge the system. ‘Removal’. 
3. Repair leaks. 
P 2. Replace the compressor. 
4. Replace the dehydrator and receiver. 
5 


; 3. Check compressor oil level. 
Check compressor oil level to assure no 


loss. 
4. Evacuate the system. 


o> 


Evacuate the system. 
Charge the system. 5. Charge the systm (if Bvacdeted!: 


Performance test the system. 6. Performance test the system. 
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5. 


INSUFFICIENT OR NO COOLING 
ENGINE OVERHEATS IN SOME 
CASES 

LOW SIDE HIGH HIGH SIDE HIGH 


Condition 


1. 


Low side pressure reading too high. 
Should read 15—30 Ibf/in? (1.03—2.07 
bar) (1.05—2.11 kgf/cm?). 


2. High side pressure reading too high. 
Should read 185— 205 lbf/in? 
(12.75— 14.12 bar) (13.01 — 14.41 
kgf/cm?). 

3. Bubble in sight glass occasionally. 

4. Liquid line hot. 

5. Evaporator air warm. 

Diagnosis 


Lack of cooling caused by too high pressure on 
high side resulting from improper operation of 
condenser. (Refrigerant charge may be normal 
or excessive). 


Correction 


Check belt tension. Loose or worn drive 
belt could cause excessive pressures in the 
compressor head. 


Look for clogged passages between the 
fins and coil of the condenser, or other 
obstructions that could reduce the air flow 
through the condenser. 


If engine overheating is a symptom check 
the radiator fan and pressure cap for 
proper operation. 

(At this point, operate the system and 
check it’s performance; if still unsatis- 
factory, proceed as follows). 


Check for overcharge of refrigerant and 
correct as follows: 


(a) Discharge refrigerant until bubbles 
appear in sight glass and both gauge 
readings drop below normal. 


(b) Add new refrigerant until bubbles 
disappear and gauge readings are 
normal. Then, add (4—8 _ oz) 
(100—200 gms), refrigerant. 
(Operate the system and recheck the 
performance; if the gauge readings 
are still too high, proceed as follows). 


Discharge the system. 


Remove the condenser, and clean and 
flush it to ensure a feee flow of refrigerant, 
or, if the condenser appears to be unduly 
dirty or plugged, replace it. 


Replace the dehydrator and receiver. 


Evacuate and recharge the system. 


Performance test the system. 
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6. 


INSUFFICIENT COOLING DURING 
HOTTEST PART OF HOT DAYS 

HIGH SIDE 
NORMAL 


LOW SIDE 
NORMAL 


7. 


INSUFFICIENT OR NO COOLING 


LOW SIDE HIGH HIGH SIDE HIGH 


Condition 


2 


Low side pressure reading is normal 
15— 30 Ibf/in? (1.03— 2.07 bar) (1.05—2.11 
kgf/cm?), but it drops to a vacuum reading 
during testing. 


2. High side pressure reading is normal, 
approximately 205 Ibf/in? (14.12 bar) 
(14.41 kgf/cm?) but it drops when low side 
reading shows a sight vacuum. 

3. Tiny bubbles in sight glass. 

4. Evaporator air is sufficiently cold until low 
side pressure gauge shows a vacuum 
reading, then it becomes warm. 

Diagnosis 


Excessive moisture in system. Drying agent in 
dehydrator and receiver is saturated, and 
releases moisture during high outside air 


temperatures. 


This moisture collects and 


freezes in the expansion valve, thus preventing 
a flow of refrigerant throught the evaporator. 


Correction 


he 


2 
3: 
4 
5 


Discharge the system. 

Replace the dehydrator and receiver. 
Evacu_<e the system. 

Charge the system. 


Performance test the system. 
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Condition 


1. 


Low side pressure too high. Should read 
15— 30 Ibf/in? (1.03—2.07 bar) (1.05—2.11 
kgf/cm7?). 

High side pressure too high. Should read 
185—205 Ibf/in? (12.75—14.12 _ bar) 
(13.01— 14.41 kgf/cm?). 

Occasional bubbles in sight glass. 
Evaporator air not cold. 


Diagnosis 


Air in system. this and the moisture in the air is 
contaminating the refrigerant, causing the 
system to operate improperly. 


Correction 


1. 


Z; 


Discharge the system. 

Replace the dehydrator and receiver. 
Evacuate the system. 

Charge the system. 


Performance test the system. 
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INSUFFICIENT OR NO COOLING 
LOW SIDE HIGH HIGH SIDE HIGH 


Condition 


1. 


Low side presure too high. Should read 
15—30 Ibf/in? (1.03—2.07 bar) 
/1.05—2.11 kgt/cm?). 


2. High side pressure too high. Should read 
185—205 Ibf/in? (12.75—14.12 _ bar) 
(13.01 — 14.41 kgf/cm?). 

3. Evaporator air warm. 

4. Evaporator and suction hose (to com- 
pressor) surfaces show _ considerable 
moisture. 

Diagnosis 


Condenser-evaporator expansion valve_ is 
allowing too much refrigerant to flow through 
the evaporator coils. Valve may be stuck open, 
or temperature sensing bulb may be mounted 
incorrectly. 
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Correction 


Check for sticking expansion valve or 
incorrect mounting of temperature sensing 
bulb: 


(a) Operate the system at maximum 
cooling. 


(b) Spray refrigerant on head of 
expansion valve and/or temperature 
sensing bulb. 


(c) Check low side gauge. It should show 
a vacuum reading. 


If the test (above) shows that :the 
expansion valve operation is satisfactory, 
proceed as follows: 


(a) Clean the surface of the evaporator 
outlet pipe and the temperature 
sensing bulb, and-clamp the blub to 
the pipe. 


(b) Operate the system and check per- 
formance. 


If test indicates that the expansion valve is 
defective, proceed as follows: 


(a) Discharge the system. 


(b) Replace the expansion valve. 


(c) Evacuate the system. 


(d) Charge the system. 


(e) Performance test the system. 


9. INSUFFICIENT COOLING 


LOW SIDE LOW HIGH SIDE LOW 


Condition 


1. Low side gauge reading too low. Should 
read 15—30 Ibf/in? (1.03—2.07 bar) 
(1.05—2.11 kgf/cm?). 


2. High side pressure too low. Should read 
(185—205 Ibf/in?) (12.75—14.12 bar) 
(13.01 — 14.41 kgf/cm?). 


3. Evaporator air cool, but not sufficiently 
cold. 


4. Expansion valve inlet pipe surface shows 
considerable moisture or frost. 


Diagnosis 


Expansion valve is not permitting a sufficient 
flow of refrigerant. Causes include; Valve 
stuck in restricted or closed position, valve 
screen clogged, or insufficient amount of 
refrigerant in temperature sensing bulb. 


Correction 
1. Place finger on expansion valve inlet. If 
cold to touch, proceed as follows: 


(a) Operate system at maximum cooling. 


(b) Spray refrigerant on head of valve 
and/or temperature sensing bulb. 


(c) Checklow side gauge. It should show 
a vacuum reading. 


2. If the test (above) shows that the expan- 
sion valve is operating satisfactorily, clean 
the surface of the evaporator outlet pipe 
and the temperature sensing bulb, and 
clamp the bulb to the pipe. 


3. If Step 1 indicates the valve is defective or if 
the valve inlet surface shows frost or heavy 
moisture, proceed as follows: 


(a) Discharge the system. 


(b) Replace the expansion valve. 


4. After performing Step 3 above, proceed as 
follows: 


(a) Make sure temperature sensing valve 
is properly mounted on_ the 
evaporator oulet pipe. 


(b) Evacuate the system. 


(c) Charge the system. 


5. Performance test the system. 
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10. INSUFFICIENT COOLING 


HIGH SIDE 
HIGH 


LOW SIDE 
LOW 


11. COMPRESSOR CYCLES (CUTS IN 
AND OUT) TOO RAPIDLY 
LOW SIDE HIGH SIDE 
HIGH NORMAL 


Condition 

1. Low side pressure too low. Should read 
15—30 Ibf/in? (1.03—2.07 bar) (1.05—2.11 
kgf/cm7?). 

2. High side pressure too high. Should read 


185—205 Ibf/in? (12.75—14.12 bar) 
(13.01 — 14.41 kgf/cm?). 


Diagnosis 
There is a restriction in the liquid line and/or 
dehydrator and receiver resulting in a ‘starved’ 


evaporator (compressor removing refrigerant 
from the evaporator faster than it can enter). 


Correction 
1. Discharge the system. 


2. Replace the liquid lines, dehydrator and 
receiver, or other obstructed components. 


3. Evacuate the system. 
4. Charge the system. 


5. Performance test the system. 


Condition 

1. Low side pressure readings incorrect 
during ON and OFF compressor cycles or 
.range between cycles incorrect. Readings 
should be: 
12— 15 Ibf/in? (0.83— 1.03 bar) 
(0.84— 1.05 kgf/cm?) cycle OFF 
36 — 39 Ibf/in? (2.49—2.69 bar) 
(2.53—2.74 kgf/cm?) cycle On 
24 — 28 Ibf/in? (1.66—1.93 bar) 
(1.669—1.97 kgf/cm?) range between 
cycles. 


2. His.1 side pressure normal. Should read 


185—205 = Ibf/in? (12.75—14.12 _ bar) 
(13.01 — 14.41 kgf/cm?). 


Diagnosis 
Thermostatic switch is defective. 
Correction 


1. Stop engine and shut off air conditioning 
system. 


2. Replace the thermostatic switch and 
ensure the capillary tube ‘= ‘stalled in the 
correct position within the evaporator 
core. 

IMPORTANT: TJube ts filled with refrigerant 

under pressure. Do not kink the capillary tube 

or bend it too sharply. 

3. Performance test the system and check the 
compressor cycles correctly. 


SPECIFICATIONS 


Compressor Oil Specification ESA—M2C31—A 
Refrigerant Specification ESA—M17B2—A (R-12) 
Refrigerant Charge 4.0—4.5 Ib (1.81—2.05 kg) 
Compressor Belt Deflection 0.26 in (6.5 mm) 
Compressor Belt Tension 120— 140 Ibf 
Initial 534— 623 N 

54— 63Kg 
After Running Re-Set to 100— 120 Ibf 

445—534 N 
46— 54Kg 


TORQUE SPECIFICATIONS 


Hose Clamp Retaining Bolts 
Radiator to Front Support Retaining Bolts 
Condenser Mounting Bracket Thumb Screw 


Condenser Hose Connections 


Compressor to Mounting Bracket Retaining Bolts 


Compressor Mounting Bracket Retaining Bolts 
Compressor Mounting Bracket Pivot Bolt 
Compressor Clutch Wire Clip Retaining Bolt 
Compressor Clutch Pulley Retaining Bolt 

All Cylinder Head Bolts 

Oil Filler Plug 

Rotalock Nut 


Pressure Relief Valve 


Qs PART 13— ACCESSORIES AND GENBRAL _ iy UU UE: 


enna KA AE Se 


Compressor Seal Plate Retaining Bolts 


Compressor Clutch Mounting Plate to Housing 
Retaining Screws 


Compressor Valve Hose Connections 

Self Sealing Coupling (High Pressure) 

Self Sealing Couplings (Low Pressure) 
| 
: 
| Self Sealing Couplings to Bracket Retaining Nuts 


Dehydrator Mounting Bracket Retaining Bolts 


Thermostat Assembly (High Pressure Cut Out 
Switch) Inlet Hose Connector 


Evaporator to Bracket Retaining Screws 
Evaporator Bracket Retaining Screws 
Evaporator Outlet Tube to Outlet Coupling 


Expansion Valve Equalising Tube to Evaporator 
Coupling 


Expansion Valve Inlet Coupling 
Expansion Valve Outlet Coupling 


Expansion Valve Temperature Sensing Bulb 
Retaining Clamp 


Thermostatic Switch Retaining Nut 


~ 
; . 
\ 
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SPECIAL TOOLS 


Tool No. Description 
2342 Air Conditioning Test Kit 
Consists of: 
0179 or 15037 Vacuum Pump 
0172 or 40153 Gauge and Manifold Set 
0173 or 40069 Charging Hose —84 in (2.1 m) 
0174 or 10596 Thermometer 8 in (203 mm) Stem 0—90°C (O—200°F) 
0175 or 11001 Refrigerant Dispensing Can Valve 
0176 or 12008 Plastic Goggles 
0177 or 14326 Metal Storage Box 
0178 or 10559 Ratchet Wrench 
0417 or 40083 Gasket Pack 
0171 Gas Leak Detector— Propane Torch* 
0855 or 14750 Gas Leak Detector— Electronic 
2199 or 10550 Compressor Tool Kit 
Consists of: 
6386 or 10546 Clutch Spanner Wrench 
6387 or 10545 Oil Dipstick 
6388 or 10547 Seal Installer and Seal Plate Aligner 
6389 or 10548 Clutch Removing Bolts 
6390 or 10549 Compressor Seal Puller 


*NOTE: 7he Propane torch leak detector may not be approved for use in certain locations. Check 
local safety regulations. 
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PART 13 
ACCESSORIES AND GENERAL 


Chapter 2 
CAB HEATING SYSTEM — 
TRACTORS PRIOR TO NOVEMBER 1985 


Section Page 
A. CABHEATING SYSTEMS — DESCRIPTION AND 
OPERATION 1 
B. CABHEATING SYSTEMS— OVERHAUL 3 
C. CABHEATINGSYSTEMS— TROUBLE SHOOTING, 
SPECIFICATIONS AND SPECIAL TOOLS 7 


A. CAB HEATING SYSTEMS — DESCRIPTION AND OPERATION 


Figure 1 
Cab Heating System 
1. Heater 5. Hose and Tube Assemblies 
2. Blower Motor and Fan Assembly 6. Heater Water Temperature Control Valve 
3. Louvred Outlet 7. Air Filter Assemblies 


4. Heater Water Control Valves 8. Roof Vent 
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The cab heating system for the Ford Trac- 
tors improves the comfort and health of 
the operator by providing warmth, clean- 
liness and circulation of the air within the 
cab. 


The tractor heating system, Figure 1, con- 
sists of a radiator type tank (heater) which 
is located in the roof of the cab and inter- 
connected with the engine coolant system 
by hoses and tubes. 


The hoses and tubes are routed from the 
engine under the right-hand side of the 
cab then upwards within the cab centre 
pillar to the roof. 


Hot water from the engine cylinder head 
flows within a hose (identified by a red 
stripe) to the cab roof then passes through 
a control valve before circulating through 
the heater matrix. 


The coolant returns via a hose connected 
to the engine at the water pump outlet. 


Heater Assembly 


The heater assembly consists of anumber 
of turns of continuous coil mounted in a 
series of thin cooling fins to provide a 
maximum of heat transfer in a minimum 
amount of space. 


Blower Motor and Fan Assembly 


A blower motor and dual fan assembly is 
located in the heater housing. 


When the roof vent is opened, the blower 
fan draws air from the cab through the 
heater matrix. The hot air is then blown 
through louvred outlets back into the cab 
for recirculation. 


When the roof vent is closed, the blower 
fan draws in fresh air through a set of filter 
elements. 


Cab Air Filters 


Aluminimum encased paper air filters are 
located in the rear section of the cab roof. 
Air is drawn through wire mesh grilles lo- 


~ cated on the underside of the cab roof rear 


edge before passing through the filters. 


NOTE: Basic models incorporate two air 
filters but models with an escape hatch 
roof feature three filters to facilitate re- 
moval and replacement. 


Heater Water Control Valves 


The hose to engine connections feature 
control valves to isolate the heating sys- 
tem in hot weather conditions. 


Heater Water Control Valves 


The hose to engine connections feature 
control valves to isolate the heating eye 
tem in hot weather conditions. 


Heater Water Temperature Control Valve 


The roof mounted temperature control 
valve should be turned clockwise to in- 
crease the temperature of the air from the 
heater and fully counter-clockwise to ob- 
tain unheated air from the louvered out- 
lets. 


Blower Control Switch 


The blower control switch activates the 
three-speed heater blower motor. Turnthe 
switch clockwise to the first position for 
low speed. Further rotation selects 
medium and fast speeds. 


NOTE: When the cab windows are closed, 
the blower may be used to pressurise the 
cab to exclude dust. For maximum pres- 
surisation and optimum dust exclusion, 
operate with the roof vent closed. 


ee 
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B. CAB HEATING SYSTEM — OVERHAUL 


HEATER ASSEMBLY 

IMPORTANT: For models equipped with air 
conditioning, the evaporator and heater are 
contained within a single assembly. For 


overhaul, see “AIR CONDITIONING” - Part 
13, Chapter 7. 


REMOVAL 
With reference to Figure 2. 


1. Remove the cab roof retaining bolts then 
lift and remove the roof. 


2. Withdraw the retaining screws and remove 
the heater blower assembly cover. 


5 


3. Release the retaining clips then pull the 
hoses off the heater inlet and outlet tubes. 


4. Remove the heater retaining bolts then lift 
and withdraw the assembly from the 
tractor roof. 


5. Cap or plug all exposed hose and pipe 
ends. 


INSTALLATON 


Installation of the heater assembly follows the 
removal procedure in reverse. 


On installation, tighten the tube couplings and 
heater retaining bolts to the correct torques, 
see ‘Specifications’. 


4 3 


Figure 2 
Cab Roof Mounted Heating Components 


Heater Assembly | 

Left Hand Fan Housing 
Control valve to Heater Hose 
Blower Motor Assembly 
Right Hand Fan Housing 


hal el ae 


6. Heater Outlet Hose 
7. Heater Inlet Hose 
8. Heater Water Temperature Control Valve 
9. Blower Control Switch 
10. Heater Harness Assembly 
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BLOWER MOTOR AND FAN 
ASSEMBLY 


REMOVAL 


1. Disconnect the battery. 


2. Raise and support or remove the cab roof. 


3. Withdraw the retaining screws and remove 
the heater blower assembly cover. 


4. Disconnect the heater harness from the 
blower motor. 


5. Withdraw the retaining screws and firmly 
pull the blower motor and fan assembly 
from the inner roof. 


Figure 3 
Heater Blower Motor and Fan Assembly 


. Fan Housing 

Fan Hub Retaining Screw 
. Heater Blower Motor 

Fan 

. Motor Support Bracket 
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DISASSEMBLY 
With reference to Figure 3. 


1. Invert the blower motor and fan assembly 
then insert an hexagonal key between the 
fan blades and slacken the fan hub 
securing screws. 


2. Withdraw the fan outer end cover retaining 
screws then remove the covers and extract 
the fans. 


3. Remove the four retaining nuts from one of 
the motor support brackets and withdraw 
the support. 


4. Remove the two retaining nuts securing 
the motor to the second bracket then 
carefully extract the motor through the fan 
housing. 


INSPECTION AND REPAIR 


1. Clean the fan blades and housing with a 
damp, lint-free cloth. 


2. Inspect the fan blades for damage. If bent 
the blades may be straightened but replace 
if broken. 


3. Ensure the fan drive shafts are straight and 
free to revolve. 


RE-ASSEMBLY 


Re-assembly of the blower motor and fan 
assembly follows the disassembly procedure in 
reverse. On re-assembly ensure the fans are 
positioned centrally and the hub retaining 
screws are securely tightened. 


INSTALLATON 


Installation of the blower motor and fan 
assembly follows the removal procedure in 
reverse. 
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CAB AIR FILTERS 


REMOVAL 


Before servicing the filters, switch off the 
blower motor and close all the windows and 
one door. Rapidly open and close the second 
door so the resultant back pressure dislodges 
loose dirt from the underside of the filters. 


1. Open the escape hatch or roof inspection 
panel, then pull back the retaining clips and 
remove the filter elements. 


INSPECTION AND REPAIR 


1. Examine and replace any filter with 
damaged seals or cases. 


2. If heavly contaminated, soak the filter 
elements for 15 minutes in warm water 
containing a little mild detergent. Rinse 
both sides of each element in running 
water. 


IMPORTANT: 7o avoid possible damage, do 
not use high pressure water to rinse the 
elements. 


3. Shake off the excess water and allow to 
dry. 


IMPORTANT: 70 avoid possible damage, do 
not use compressed air to dry the elements. 


4. Replace any filter which appears to be dirty 


after washing or if pinholes can be seen 
through the element when held up to a 
strong light. 


5. Scrape off and vacuum clean any 


accumulation of dirt from the inner ledges 
of the filter chamber. Wipe the inside of the 
filter chamber with a damp, lint-free cloth. 


INSTALLATION 


1. Installation of the cab filters follows the 
removal procedure in reverse. Ensure that 
the filter elements are fully seated with the 
seal facing downwards. 


HEATER WATER CONTROL VALVES 


REMOVAL 


1. Disconnect the hoses from the control 
valves at the engine. Cap or plug the hoses. 


2. Unscrew the control valves from the 
engine. 


3. Unscrew the control valve elbow or 
adaptors (where fitted) if necessary. 


INSTALLATION 


1. Installation of the heater water control 
valves follows the removal procedure in 
reverse. 
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On installation, observe the following re- 
quirements: | 


e Tighten the elbow, control valve and 
adaptors (where fitted) to an initial torque 
of 10 Ibf/ft (13.6 Nm) (1.4 Mkg). Then 
tighten either the elbow, control valve or 
adaptor up to a maximum of 45 Ibf/ft (61 
Nm) (6.2 Mkg) to position the control valve 
so that the heater hoses may be installed 
without fouling the lower radiator, air 
intake manifold or battery support. 


NOTE: Should it be necessary to exceed a 
torque of 45 Ibf/ft (61 Nm) (61.2 Mkg) on the 
elbow, control valve or adaptor to obtain the 
correct position of the control valve, select a 
new elbow or adaptor which will allow the 
correct position to be obtained without 
exceeding the torque limit. 


e Hoses are to be assembled to the control 
valves with a minimum clearance of 0.12 in 
(3 mm). 


e Hose clamps are to be positioned a 
maximum of 0.25 in (6.5 mm) from the end 
of the hose and the screws tightened to the 
correct torque, see ‘Specifications’. 


e Hoses must be at least 0.12 in (3 mm) clear 
of any sharp edges or corners. 


HEATER WATER TEMPERATURE 
CONTROL VALVE 


REMOVAL 


1. Raise and support the cab roof. 


2. Disconnect the hoses from the valve. Cap 
or plug the hoses. 


3. Pull off the control switch knobs from 


within the cab. 


4. Withdraw the retaining screws and remove 


the switch mounting bezel. 


5. Withdraw the retaining screws and remove 
the control valve and spacers. 


INSTALLATION 


Installation of the heater water control valve 
follows the removal procedure in reverse. 


BLOWER CONTROL SWITCH 


REMOVAL 


1. Disconnect the battery. 


2. Raise and support the cab roof. 


3. Withdraw the retaining screws and remove 
the heater blower assembly cover. 


4. Disconnect the heater harness from the 
control switch. 


5. Pull off all the switch knobs from within the 
cab. 


6. Withdraw the retaining screws and remove 
the switch mounting bezel. 


7. Remove the locknut and washer and 
withdraw the control switch. 


INSTALLATION 


Installation of the blower control switch 
follows the removal procedure in reverse. 
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C. CAB HEATING SYSTEM — TROUBLE SHOOTING AND SPECIFICATIONS 
SYSTEM TROUBLE SHOOTING 
IMPORTANT: Whenever effecting a The following table list problems and their 
repair, the reason for the cause of the possible causes with recommended remedial 


problem must be investigated and corrected action. 
to avoid repeat failures. 


PROBLEM POSSIBLE CAUSES REMEDY 


No heating . Heater control valves closed 1. Open heater control valves at 

from the engine 

system 2. Cab roof louvred outlets 2. Ensure outlets are open and 
closed or blocked unobstructed 


3. Replace faulty hose 
4. Flush out hose or tube 


5. Tighten all connections and 
replace faulty components 


. Replace faulty valve 


3. Broken hose or tube 
4. Blocked hose or tube 
. Leak in system 


6. Temperature control valve 
stuck 


7. Heater matrix blocked 
. Blown blower motor fuse 


. Clear matrix of obstruction 


8. Investigate cause and replace 
fuse 


9. Re-connect or replace faulty unit 


. Heater blower motor dis- 
connected or burned out 


10. Blower motor switch 
. Broken or disconnected wire 


10. Replace faulty switch 


11. Repair broken joint, re-connect 
wires or replace faulty harness 


. Replace faulty components 


12. Key-start switch or relay 
burned out 

13. Heater blower fans loose or 

jammed 


13. Tighten fan hub screws and 
ensure fans free to revolve. 

Replace damaged fans and check 

blower motor operation. 


Insufficient . Heater control valves 1. Fully open heater control valves 

heating from partially closed at engine 

system 2. Cab roof louvred outlets 2. Ensure outlets are open and 
partially closed or blocked unobstructed 


3. Tighten all connections and 
replace faulty components 


. Replace faulty valve 


. Leak in system 


4. Temperature control valve 
stuck 


5. Heater matrix blocked 
6. Blower motor switch 
. Heater blower fans loose 


5. Clear matrix of obstruction 
6. Replace faulty switch 


7. Tighten fan hub screws and 
ensure fans free to revolve 
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TORQUE SPECIFICATIONS 


Hose Clamp Screws 
Hose Clip Bolts 
Heater Radiator to Bracket Retaining Screws 


Heater Radiator Bracket Retaining Screws 
Heater Water Temperature Control Valve 
Retaining Screws 

Blower Control Switch Locknut 
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Chapter 3 
HYDRAULIC TRAILER BRAKE VALVE 


Section Page 
A. HYDRAULIC TRAILER BRAKE VALVE — DESCRIPTION 
AND OPERATION 1 
B. HYDRAULIC TRAILER BRAKE VALVE — OVERHAUL 5 


C. SPECIFICATIONS 


A. HYDRAULIC TRALER BRAKE VALVE — DESCRIPTION AND OPERATION 


Ford TW Series Tractors may be fitted with an 
hydraulic valve for the control of hydraulically 
operated trailer brakes. 


The valve is attached to a bracket located on 


the right hand side of the rear axle centre 
housing, directly below the hydraulic pump 
cover assembly, Figure 1. 


A pilot pressure tube connects the trailer brake 
valve to the right hand tractor brake circuit viaa 
“T’ fitting in the hydraulic tube to the right 
hand wheel cylinder. 


Operation of the tractor brake pedals, which 
must be locked together during all towing 
Operations, results in a pressure being 
generated in the hydraulic brake circuit. This 
pressure is sensed through the pilot pressure 
tube, at the trailer brake valve which directs oil 
from the hydraulic system pump to the trailer 
brakes. The trailer braking intensity is 
proportional to the effort applied on the tractor 
brake pedals. Feedback is provided by the 
trailer brake valve to give a sense of ‘feel’ to the 
operator to aid precise braking. 
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Figure 1 


Trailer Brake Valve Installation — 
TW-5, TW-15 and TW-25 


. Adaptor Plate 
. Hydraulic System Oil Return Tube 


Trailer Brake Valve 


. Hydraulic System Oil Feed Tube 
. Valve-to-Reservoir Return Tube 
. Pilot Pressure Tube 

. Trailer Brake Coupling Tube 


Figure 2 
Hydraulic Trailer Brake Valve — 

TW-5, TW-15 and TW-25 
. Hydraulic System Oil Return Tube 
. Trailer Brake Valve 
. Hydraulic System Oil Feed Tube 
. Trailer Brake Coupling Tube 
. Valve-to-Reservoir Return Tube 
. Bleed Fitting 
. Pilot Pressure Tube 
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The trailer brake valve is connected into the 
tractor hydraulic circuit by an adaptor plate 
which is located between the hydraulic pump 
cover and the remote control valve stack. 
Hydraulic tubes from the adaptor plate allow 
full hydraulic system pump output to be 
directed through the trailer brake valve before 
being returned into the system. 


The trailer braking circuit takes priority over the 
tractor hydraulic system and the remote 
control valves. 


The trailer brake valve is connected to the 
trailer brakes by means of tubing and a unique 
coupling which is to the ISO/DIS 5676 
standard to prevent any coupling other than 
the appropriate type being connected. The 
male coupling is fitted to the tractor, and the 
female coupling is fitted to the trailer. 


PART 13— ACCESSORIES AND GERBRAL ®——wwess= 


Figure 3 

Hydraulic Trailer Brake Valve — TW-35 
. Hydraulic System Oil Return Tube 
. Valve-to-Reservoir Return Tube 
. Trailer Brake Valve 
Hydraulic System Oil Feed Tube 
Trailer Brake Coupling Tube 
Pilot Piston Leakage Return Tube 
. Pilot Pressure Tube 
. Pilot Head Assembly 
. Bleed Fitting 
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TRAILER BRAKE VALVE OPERATION 


TW-5, TW-15 and TW-25 


With reference to Figure 4. 


When the tractor brakes are released no 
pressure is exerted on the piston through port 
“A” and the trailer brake valve assumes a 
neutral position. 


The trailer brake supply line, port ‘’B”, ts 
relieved of any pressure by the control spool 
plunger which allows oil to flow through the 
counterbore and cross drillings to port ‘C” 
which is connected to sump. 
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Figure 4 

Trailer Brake Valve — Spool in Neutral Position 
1. Bleed Fitting 7. Check Valve 
2. Pilot Line [supply of = RB Return 0! )~—-8.. Control Spool Bore 
3. Piston 9. Control Spool Plunger 
4. End Cap Pilot Line Oil 10. Control Spool 
5. Spring 11. Spring Cap 
6. Flow Control Spool 12. Pressure Relief Element 
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Figure 5 

Trailer Brake Valve — Spool in Applied Position 
1. Bleed Fitting 7. Check Valve 
2. Pilot Line —— Supply Oil hewn Return Oil 8. Control Spool Bore 
3. Piston “ 9. Control Spool Plunger 
4. End Cap | Pressurised Pilot Line Oil 10. Control Spool 
5. Flow Control Spool : 11. Spring Cap 
6. Flow Control Orifice 12. Pressure Relief Element 
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The oil supplied by the hydraulic pump enters 
the trailer brake valve through port ‘’D’’, flows 
past the flow control valve and continues 
through port “E’’ to the tractor hydraulic 
system. A small flow of oil passes from port 
“D” through the centre of the flow control 
valve to the control spool, which in the neutral 
position permits this oil to return to sump 
through port ““C’’. The oil flow through the 
centre of the flow control spool has to pass 
through a small drilling which acts as a 
restrictor and limits the volume of oil returning 
to sump. 


The restrictor in the flow control spool 
generates a higher pressure on the pump 
supply side which ensures that, in neutral, the 
flow control spool is held against the spring 
pressure to permit flow of oil from the pump 
supply port ‘‘D” to the tractor hydraulic system 
through port ‘’E’’. Additionally, in neutral the 
flow control spool prevents supply oil at port 
“D” from flowing to the trailer brake check 
valve. 


When the tractor brakes are applied oil 
pressure generated in the brake line is applied 
through the pilot pressure tube to act on the 
end of the trailer brake’ valve piston through 
port “A”. 


The movement of the piston is transmitted to 
the control spool via the pressure relief element 
and control spool plunger. As the control spool 
is moved inwards the flow of oil to sump is 
prevented in two stages. First the connection 
between the trailer brake line, port ‘’B’’, and 
return to sump, port ‘‘C”’ is closed. 


Secondly the oil passing through the centre of 
the flow control valve is prevented from 
reaching port “’C”’. 


As supply oil continues to pass through the 
flow control spool the combination of the 
rising oil pressure on the spring side of the 
valve, and the spring pressure, moves the flow 
control valve to the left, see Figure 4. 


The flow control valve restricts the flow of oil 
to the tractor hydraulic system, but directs the 
pump supply oil to open the check valve, pass 
through port ‘’B”’ and apply the trailer brakes. 
An orifice located in the end of the flow control 
valve limits the rate at which oil can flow 
through the centre of the flow control valve to 
the trailer brakes. The residual output from the 
pump Is allowed to flow to the tractor hydraulic 
system. 


As the pressure in the trailer brake line builds 
up the increase in pressure acts on the end of 
the control spool plunger in opposition to that 
pressure applied on the piston by the tractor 
brake line pressure. 


Should the trailer brake line pressure increase 
too greatly, the control spool plunger will be 
moved to the right and so allow the oil trapped 
on the spring side of the flow control valve to 
return to sump. However this movement of the 
plunger will not be sufficient to allow the trailer 
brake line to connect with the dump port “’C’”’. 
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As the oil on the spring side of the flow control 
spool escapes, the oil pressure is reduced and 
the spool moves to the right blocking the path 
of the pump supply oil to the check valve. The 
check valve snaps shut and a pressure which is 
directly proportional to the tractor brake line 
pressure is maintained in the trailer brake line. 


Once maximum permissible trailer braking 
pressure is reached a further increase in 
pressure is prevented by the pressure relief 
element even if tractor bake line pressure 
continues to rise. 


If the pressure relief element is moved to the 
left the springs are compressed so that no 
further movement is transmitted to the control 
spool. 


The spring force in the maximum ‘on’ position 
is pre-set in manufacture by shims located 
within the pressure relief element. 


TW-35 
With reference to Figure 6. 


Operation of the trailer braking system for the 
TW-35 tractor is essentially the same as for the 
TW-5, TW-15 and TW-25 tractors, described 
previously, but with the following exception. 
As the TW-35 tractors have a power braking 
system a continuous supply of pressurised 
tractor brake line oil is available at the trailer 
brake valve piston when the tractor brakes are 
applied. 
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Figure 6 
Pilot Head Assembly — TW-35 
. Pilot Line Pressure Port 
. Piston Leakage Return Port 
Seal 
Seal 
Brake Valve Actuating Pin 
. Pilot Head Body 
. Pilot Piston 
. Bleed Fitting 
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The pilot head of the trailer brake valve 
incorporates a large diameter piston with no 
seals which with increasing pilot line pressure 
causes displacement of the control spool via 
the brake valve actuating pin, the pressure 
relief element, and the control spool plunger. 


The large diameter piston without the 
necessity for seals gives superior trailer braking 
response characteristics. 


Oil leakage past the piston flows from the 
leakage return port to sump via a connection 
into the brake valve-to-reservior return tube. 
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Figure 7 Figure 9 
Piston Housing Removal — Pressure Relief Element Removal 
TW-5, TW-15 and TW-25 1. Pressure Relief Element 
1. Piston Housing 2. Flow Control Spool End Cap 
2. Gasket 3. Trailer Brake Valve Body 
3. Trailer Brake Valve Body 4. Spring 


4. Piston Assembly 


B. HYDRAULIC TRAILER BRAKE VALVE — OVERHAUL 


REMOVAL 


1. Clean the area around the trailer brake 
valve. 


2. Place a suitable container beneath the 
trailer brake valve. 


3. Disconnect all hydraulic connections to 
the trailer brake valve and allow the oil to 
drain. 


4. Remove the trailer brake valve retaining 
bolts and remove the valve assembly. 


DISASSEMBLY 
Figure 8 

Piston Housing Removal — TW-35 1. Remove the piston housing and withdraw 
1. Piston Housing the piston assembly, Figures 7 or 8. 
2. Pilot Piston 
3. Gasket . : 
4. Trailer Brake Valve Body 2. Withdraw the presure relief element and 
5. Actuating Pin, Sleeve, and Seal Assembly spring, Figure 9. 
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Figure 10 
Pressure Relief Element Circlip Removal 
. Circlip Pliers 
. Spacer 
. Pressure Relief Element 
. Vice Jaws 


Place the pressure relief element between 
the jaws of a vice with a suitable diameter 
spacer to enable the spring cap to be 
slightly compressed against the spring 
tension. Remove the circlip, Figure 10, and 
open the vice jaws carefully to release the 
spring tension. 


Remove the spring cap and springs, 
Figure 11. 


Remove the flow control spool end cap 
and withdraw the spring and flow control 
spool, Figure 12. 


Remove the check valve end cap and 
withdraw the spring and check valve, 
Figure 13. If necessary unscrew and 
remove the check valve seat with a suitable 
hexagonal key. © 
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Figure 11 
Pressure Relief Elernent Assembly 


. Element Body 
. Inner Spring 
. Spring Cap 

. Circlip 

. Outer Spring 
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7. Remove the locking ring which retains the 
control valve spool components. 


NOTE: The /ocking ring may be removed by 
placing a 9/16 in A.F. nut inside the locking 
ring. The nut should be of sufficient length to 
enable a socket spanner to be placed over the 
nut to allow the ring to be unscrewed. 


8. Remove the control valve components 
from the trailer brake valve body, 
Figure 14. 


INSPECTION AND REPAIR 


1. Carefully examine all components and 
replace any item showing signs of wear or 
damage. 


NOTE: 7wo “O” ring seals are located inside 
the trailer brake valve body in the control valve 
bore. These seals must be carefully checked 
and, if necessary, replaced. 
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Figure 12 Figure 14 
Flow Control Spool Removal Control Valve Assembly 
1. End Cap 1. Plunger 5. Spool Bore 
2. Washer 2. Control Valve Spool 6. Oil Seal | 
3. Flow Control Spool 3. Trailer Brake Valve Housing 7. Locking Ring 
4. Plastic Plug 4. ‘’O” Ring Seals 8. Washer 
5. Actuating Pin, Sleeve and Seal Assembly 
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RE-ASSEMBLY AND INSTALLATION 


1. Re-assembly and installation follows the 
removal and disassembly procedures in 
reverse. On re-assembly observe the 
following requirements. 


e Ensure all oil seals and gaskets are 
renewed. 


e Tighten all bolts and nuts to the correct 
torque, see ‘Specifications’ — Section 
C. 


e Lightly grease the component parts of 
the pressure relief element and the 


Figure 13 outside surface of the assembly. 
Check Valve Components 


1. Trailer Brake Valve Housing 

2. Check Valve Seat - 
3. Check Valve Spring _ @ Ensure that the plastic plug, Figure 12, is ‘ 
. aie ae eee securely located in the side of the brake a. 
6. Check ake valve body, preventing entry of water 

7. “O"' Ring Seal and consequent damage to the valve. 


2. Bleed the trailer braking system according 
to the following procedure: 


TW-5, TW-15 and TW-25. 


(i) 


(ii) 


(iti) 


(iv) 


Crack open the bleed fitting on the 
top of the trailer brake valve. 


Fully depress the right hand brake 
pedal. 


Tighten the bleed fitting and release 
the brake pedal. 


Repeat steps 1 to 3 until all air bubbles 
are purged. 


NOTE: Check the fluid level in the master 
cylinder frequently during this procedure and 
replenish as required. 


(v) 


When the bleed procedure is 
complete tighten the bleed fitting to 
the correct torque, see ‘Specifica- 
tions’, Section C. 


(i) 


(ii) 


(iii) 


(iv) 


(v) 


Start the tractor engine and allow it to 
idle. 


Crack open the bleed fitting on the 
top of the trailer brake valve. 


Slowly depress the right hand brake 
pedal until oil is seen to be flowing 
from the bleed fitting. 


Maintain brake pedal pressure until 
clear oil, free from bubbles, flows 
from the bleed fitting. 


Tighten the bleed fitting to the correct 
torque, see Specifications, Section 
C, before releasing the brake pedal. 


Check for correct tractor brake balance by 
driving the tractor at speed and firmly 
applying the brakes. Both rear wheels 
should lock simultaneously. Adjust the 
brakes as required — see ‘Rear Axle and 
Brakes’, part 7. 


Road test the tractor with a trailer attached 
and/or check the trailer brake system, by 


pressure testing at the trailer 


brake 


coupling. 
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C. SPECIFICATIONS 
Minimum flow at the Trailer Brakecoupling: 
(at 1450— 1740 Ibf/in? or 100— 120 bar) 
TW-5, TW-15, TW-25 and TW-35 4.4—7.2 |mp. galls/min 
(3.7—6.0 U.S. galls/min) 
(14—23 L/min) 


Pressure at the rear coupling: 


Brakes released zero 
Brakes fully applied 1740 — 2175 Ibf /in2 
(120— 150 bar) 


(122— 153 kgf/cm?) 


TORQUE SPECIFICATIONS 


Trailer Brake Valve Bracket (Pump Cover) 
Attaching Bolts 
Manifold/Remote Valves/Adaptor Plate Attaching 
Bolts 
Bleed Fittings 
Trailer Brakes Valve Mounting Bolts and Nuts 
*Tube Nuts: 

Adaptor Plate to Brake Valve 

Brake Valve to Adaptor Plate 

Brake Valve to Sump 

Brake Valve to Coupling 
Trailer Brake Valve: 

Tube Nut Fitting to Brake Valve 

Piston Housing Bolts 

Flow Control Valve End Cap 

Check Valve End Cap 

Locking Ring 


*When installing new trailer brake valve tubes with new compression joints use the following 
procedure. Install the new tube and compression joint, tighten the nut until the compression ring 
just grips the tube, then tighten the nut a further 1% turns. 
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AIR CONDITIONING SYSTEMS — 
TRACTORS POST NOVEMBER 1985 
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B. AIRCONDITIONING SYSTEMS WITH DE-LUXE CAB— 


OVERHAUL 


C. AIRCONDITIONING SYSTEMS WITH DE-LUXE CAB— 
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AND SPECIAL TOOLS 
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A. AIR CONDITIONING SYSTEMS WITH DE-LUXE CAB — 
DESCRIPTION AND OPERATION 


The optional air conditioning system im- 
proves the comfort and health of the 
operator by controlling the temperature, 
humidity, cleanliness and circulation of 
the air within the cab. 


Heat reduction is effected by circulating 
the air through a cooling unit called an 
evaporator. This unit also serves to reduce 
the moisture and dirt content of the air for 
the wet surface of the evaporator collects 
dust and pollen particles which drain off 
with the condensed moisture. 


The tractor cab air conditioning system, 
Figure 1, consist of two heat exchangers 
and a pump inter-connected by tubing. 
One heat exchanger (evaporator) is lo- 
cated in the roof of the cab while the sec- 
ond heat exchanger (condenser) is 
situated in front of the engine coolant 
radiator. 


A special refrigerant, which can be easily 
heated or cooled, is circulated through the 
two heat exchangers by the pump (com- 
pressor). 


Heat always flows from hot to cold and, 
based on this fact, the tractor cab is air 
conditioned in the following manner: 


A low temperature refrigerant in the 
evaporator absorbs heat from the hotter 
airin the operator's compartment, thereby 
cooling the air. 


The now warmer refrig erant is pumped by 
the compressor to the condenser. 
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Figure 1 
Ford Tractor Air Conditioning System Operation (Schematic) 


1. Capillary Tube 

2. Expansion Valve 

3. Self-Sealing Coupling (High Pressure) 
4. Self-Sealing Coupling (Low Pressure) 
5. Sight Glass 


The compressor action raises the temper- 
ature of the refrigerant above that of the 
outside air and, through the condenser, 
the heat of the refrigerant is absorbed by 
the outside air thereby cooling the refri- 
gerant. 


In summary, the tractor air conditioning 
system serves to create a temperature dif- 
ferential inside the cab so that the heat 
will move from the warmer air to the 
cooler refrigerant in the evaporator. Out- 
side the cab, a temperature differential is 
created to move heat from the warmer re- 
frigerant in the condenser to the cooler 
outside air. 


6. Compressor 
7. Condenser 
8. Blower Motor and Fan 
9. Evaporator 
10. Dehydrator and Receiver 


REFRIGERANT R-12 


To achieve the absorption and the release 
of heat which is, in essence, the function 
of an air conditioning system, requires the 
use of a suitable “refrigerant” — a liquid 
that has a relatively low temperature boil- 
ing point, plus certain desirable safety and 
stability features. 


The refrigerant selected for the Ford Trac- 
tor cab air conditioning systems is Refri- 
gerant R-12. (Trade names include Freon 
12, Arcton 12, Genetron 12 and Freeze 12). 
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R-12 is a fluorinated hydrocarbon similar 
to carbon tetrachloride except that two 
chlorine atoms have been removed and 
two fluorine atoms added. 


NOTE: A-72 is the only refrigerant recom- 
mended for Ford Tractor Air Conditioning 
Systems. . 


The boiling point of R-12 is —30.1°C 
(—21.7°F) when under no pressure (0 Ibf/ 
in?) (O bar). 


If the pressure is increased, R-12 will read- 
ily vapourise to absorb heat at tempera- 
tures between —11.7°C (11°F) at 15 Ibf/in? 
(1.03 bar); and 0°C (32°F) at 30 Ibf/in? (2.07 
bar) in the evaporator. 


At higher pressures, R-12 will condense 
and give off heat at temperatures between 
54.4°C (130°F) at 180 Ibf/in? (12.4 bar) and 
65.6°C (150°F) at 230 Ibf/in? (15.85 bar) in 
the condenser. 3 


R-12 is an ideal refrigerant being stable at 
all operating temperatures and possess- 
ing certain desirable characteristics as 
follows: 


@ Non-inflammable 
@ Non-explosive 


@ Non-toxic (except when exposed to 
an open flame) 


@ Non-corrosive to metal or rubber (ex- 
cept when. moisture is contained 
within the system) 


@ Soluble in oll 


@ Able to absorb great quantities of 
heat 


@ Odourless in concentrates of less 
than 20 per cent. 


NOTE: A-72, when detected by smell, has 
a Slight odour of carbon tetrachloride. 


Air Conditioning System Components 


The Ford Tractor air conditioning system 
comprises the following components: 


@ Compressor 

@ Condenser 

@ Dehydrator and Receiver 
@ Expansion Valve 

@ Evasstater 


@ Blower Fan 


Before describing the design and opera- 
tion of the components, it is important to 
remember the basic function of the air 
conditioning system is as follows: 


(i) To provide a temperature differential 
inside the cab so that heat will move 
from the warmer air to the cooler re- 
frigerant in the evaporator and then 
(after the heatladen refrigerant has 
been circulated to the condenser) to 
the outside of the cab. 


(ii) To provide a temperature differential 
that will move the heat from the refri- 
gerant to the cooler outside air. 


Figure 2 
Air Conditioning Compressor Installed 


1. Low Pressure Port (Suction) 

2. Pressure Relief Valve 

3. Sight Glass 

4. Compressor Drive Belt 

5. High Pressure Port (Discharge) 


Compressor 


The Ford Tractors with air conditioning 
feature a compressor mounted at the front 
left hand side of the engine being belt dri- 
ven from the crankshaft pulley, Figure 2. 


The compressor separates the low and 
high pressure sides of the system and is 
basically a pump which has two functions: 


(i) To raise the refrigerant temperature 
by compression to a higher degree 
than the ambient (outside air) temper- 
ature. 


(ii) To circulate the required volume of 
refrigerant through the system. 
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Figure 3 
Compressor (4 cylinder radial design). 


1. Reed Valve Assembly 

2. Piston and Ring Assembly 
3. Scotch Yoke Mechanism 
4. Clutch Hub and Plate 

5. Driveshaft 

6. Clutch Pulley 


Compressor Operation 
With reference to Figure 3. 


The air conditioning compressor is a four 
cylinder radial design contained in a com- 
pact round welded steel body. The four 
pistons are actuated in their respective cy- 
linder bores by a scotch yoke mechanism 
coupled to the compressor driveshaft. The 
four cylinders are retained in a separate 
cast housing within the steel body which 
isolates the low pressure vapour from the 
high pressure vapour of the system. 


Rotation of the compressor driveshaft is 
effected by the electro-magnetic clutch 
which magnetically engages the hub and 
clutch plate assembly, mounted on the 
end of the driveshaft, with the pulley. The © a 
pulley and bearing assembly is mounted 

on the front end of the compressor. 


Figure 4 
Compressor Piston Positions 


1. Piston — Middle of Suction Stroke 
2. Piston — End of Discharge Stroke 

3. Piston — Middle of Discharge Stroke 
4. Piston — End of Suction Stroke 


The four pistons in the compressor com- 
prise two separate sets of opposed pis- 
tons. Each set of pistons are joined to- 
gether and, therefore, work in opposition. 
As one set of pistons reach the end of the 


suction and discharge strokes respec- . 


tively, the second set are mid-way through 
the suction and discharge strokes, Figure 
4. This arrangement ensures a constant 
flow of refrigerant through the system. 


Compressor Valve Operation 
With reference to Figure 5. 


Radially drilled inlet ports in each piston 
are open on the low pressure (suction) 
side but are covered by a centrally 
mounted circular (inlet) reed valve on the 
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high pressure (discharge) side. Each cylin- 
der head has larger radially drilled exhaust 
ports open on the piston side and are co- 
vered by a centrally mounted circular 
(exhaust) reed valve on the high pressure 
(discharge) side. 


The low pressure service connection leads 
through the compressor steel body into a 
central reservoir formed within the cast 
cylinder housing. The high pressure reser- 
voir is formed in the space between the 
steel body and cast cylinder housing lead- 
ing to the high pressure service connec- 
tion. 


On a down stroke (suction) the exhaust 
reed valve is held closed whilst the inlet 
reed valve opens to allow low pressure 
vapour refrigerant from the evaporator to 
enter the cylinder. On the upstroke (dis- 
charge) the refrigerant holds the inlet reed 
valve closed and forces the exhaust reed 
valve to lift, thereby allowing high pres- 
sure vapour to be discharged to the con- 
denser. 


The degree of lift of the exhaust reed valve 


' is controlled by a circular dished backing 


plate. 


Compressor Clutch 


The compressor has an electro-magnetic 
clutch which functions to engage or disen- 
gage the compressor as required in the 
operation of the air conditioning system. 
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Figure 5 
Compressor Valve Operation 


es Low Pressure Vapour 


B. From Evaporator (Suction) 


Re High Pressure Vapour 


A. To Condenser (Discharge) 


1. Outer Gallery 

2. High Pressure (Discharge) Connection 
3. Low Pressure (Suction) Connection 

4, Pressure Relief Valve 

5. Radial Inlet Ports 


The clutch is of a stationary coil type and 
forms an integral part of the compressor 
pulley assembly, Figure 6. The clutch is 
belt-driven from the engine crankshaft and 
when energised serves to engage the pul- 
ley to the compressor. When the clutch is 
de-energised the pulley and the compres- 
sor are disengaged. 


The coil assembly is located on four lugs 
and secured to the compressor body with 
the pulley by a retaining ring nut whilst 
the hub and clutch plate assembly is 


6. Dished Backing: Plate 
7. Exhaust Reed Valve 
8. Inner Gallery 
9. Piston 

10. Inlet Reed Valve 

11. Radial Exhaust Ports 


mounted on the compressor driveshaft. 
The pulley runs on a bearing which is 
mounted on the compressor body. 


Compressor Clutch Operation 


When the system is inoperative (no cur- 
rent to the coil) no magnetic force is 
applied to the clutch plate. Under this con- 
dition, springs in the clutch plate and hub 
assembly pull the clutch plate away from 
the pulley, allowing the pulley to rotate 
freely on the compressor body and the 
compressor driveshaft to remain statio- 
nary. 
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Figure 6 
Clutch Assembly 


. Electrical Connection 
. Stationary Field Coil 
. Pulley Bearing 

. Driveshaft 

. Clutch Hub 

. Clutch Plate 

. Clutch Pulley 
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The clutch is controlled by automatic ther- 
mostatic switches and when current is fed 
to the coil, via the switches, a magnetic 
force is created which pulls the clutch plate 
onto the pulley and both units turn as one. 


As the clutch plate and hub assembly turn, 
they cause the compressor driveshaft to 
rotate and activate the air conditioning 
system. 


The air conditioning system may be 
turned ON or OFF at any engine speed and 
consequently scoring can be expected on 
the clutch plate and pulley surfaces. This 
is anormal condition and should be disre- 
garded. 


IMPORTANT: 70 ensure satisfactory com- 
pressor clutch operation, the correct drive 
belt tension must be maintained, see 
“Specifications”, Section C. 


Condenser 


The condenser is located in front of the 
engine coolant radiator and consists of a 
number of turns of continuous coil 
mounted in a series of thin cooling fins to 
provide a maximum of heat transfer in a 
minimum amount of space. 


The condenser enables the hot vapourised 
refrigerant from the compressor to lose 
heat to the cooler outside air. 


Sight Glass 


The sight glass is located in the liquid line 
from the condenser to the _ receiver 
through which a solid column of refriger- 
ant flows. The sight glass is used to ob- 
serve the condition of the refrigerant as 
follows: 


@ Clouded—Desiccant is escaping from 
the dehydrator and_ circulating 
through the system. The dehydrator 
and receiver must be replaced, the ex- 
pansion valve filter screen should be 
cleared or replaced and the system 
purged (refrigerant replaced). 


@ Oil Streaks, Foam or Bubbles—lInsuf- 
ficient refrigerant in the system. (Oc- 
casional bubbles during initial opera- 
tion is normal). 


@ Clear—A correct charge, an over- 
charge or a complete lack of refriger- 
ant. (An over-charge is_ indicated 
when test gauge readings are above 
normal). 
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Figure 7 
Dehydrator and Receiver 


1. Outlet Line 

2. Fibre Glass Pads 

3. Outlet Pick-up Tube 

4, Screen 

5. Desiccant (Molecular Sieve) 
6. Inlet Line 


Dehydrator and Receiver 


The dehydrator and receiver, Figure 7, lo- 
cated in the left-hand side of the cab roof, 
is a storage tank which receives the high 
pressure, warm liquid refrigerant from the 
condenser through an inlet line and deliv- 
ers the refrigerant through an outlet line 
to the thermostatic expansion valve. 


The receiver stores the liquid refrigerant 
to ensure a steady flow to the thermostatic 
expansion valve is maintained under 
widely different operating conditions. 


The dehydrator section contains a desic- 
cant (molecular sieve) to absorb any mois- 
ture within the system. 


NOTE: Any moisture in the air condition- 
ing system is extremely harmful. Moisture 
not absorbed by the dehydrator will circu- 
late with the refrigerant and droplets may 
collect and freeze in the thermostatic ex- 
pansion valve orifice. This action would 
block the refrigerant flow and stop the 
cooling action. Moisture will also react 
with Refrigerant R-12 to form a corrosive 
hydrochloric acid. 


The desiccant can only absorb a limited 
amount of moisture before reaching sat- 
uration point and the ability to retain the 
moisture is dependent upon temperature. 
As the temperature increases, the ability 
to absorb decreases. This explains why an 
air conditioning system may operate satis- 
factorily when outside temperatures are 
low but stop cooling when ambient temp- 
eratures increase and the saturated desic- 
cant releases moisture into the system. 
For details of this condition and correction, 
see “Trouble Shooting”, Section C. 


Externally Equalised Thermostatic 
Expansion Valve 


The expansion valve is located on the 
pressure line leading from the dehydrator 
and receiver into the evaporator and per- 
forms the following functions: 


(i) METERING ACTION—A_ metered 
orifice changes the liquid refrigerant 
from a high to a low pressure. 
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(ii) MODULATING ACTION—A thermos- 
tatically controlled valve within the 
expansion valve body controls the 
volume of liquid refrigerant passing 
through the orifice and ensures the 
refrigerant is fully vapourised within 
the evaporator. Liquid refrigerant 
would damage the compressor reed 
valves or freeze the pistons. 


(iii) CONTROLLING ACTION—The valve 
responds to changes in the heat load 
conditions. Increased heat load 
causes the valve to open to increase 
the refrigerant flow and a decreased 
heat load (or increased compressor 
volume due to increased engine 
speed) causes the valve to close and 
decrease the refrigerant flow. 


Expansion Valve Operation 
With reference to Figure 8. 


The thermostatic expansion valve controls 
refrigerant flow by the action of a spring- 
loaded valve which is controlled by diffe- 
rential pressures within a diaphragm 
chamber on the valve. Diaphragm move- 
ment is transmitted to the valve through 
pins. 


The differential pressure is a result of pres- 
sure supplied by the temperature sensing 
bulb and capillary tube (pressure above 
the diaphragm) and equalising pressure 
(pressure below the diaphragm) supplied 
by refrigerant pressure from the low pres- 
sure (outlet) side. 
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Figure 8 
Externally Equalised Thermostatic Expansion 
Valve 


A. Inlet from Dehydrator and Receiver: 
B. Outlet to Evaporator 


. Filter Screen 

. Metering Orifice 

. Metering Valve 

. Superheat Spring 

. Operating Pin 

. Equaliser Tube 

. Temperature Sensing Bulb 
. Capillary Tube 

. Diaphragm 
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The capillary tube, bulb and upper dia- 
phragm chamber form a “closed system” 
filled with Refrigerant R-12. The tube end 
is clamped to the evaporator outlet pipe 
to reflect the temperature of the refriger- 
ant leaving the evaporator. 


Any increase in refrigerant temperature at 
the evaporator outlet will increase the 
pressure in the tube system and exert a 
downward pressure on the diaphragm 
(tending to open the valve). Conversely, a 
decrease in refrigerant temperature will 
decrease the pressure on the diaphragm 
(tending to allow the valve to close). 
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The lower diaphragm chamber reflects the 
evaporator inlet temperature and provides 
the differential action by opposing outlet 
against inlet temperatures. 


An external equaliser tube, connected into 
the evaporator outlet line, feeds refriger- 
ant pressure to the underside of the dia- 
phragm to balance the pressure on the 
upper side and provide the desired refri- 
gerant flow. 


A spring below the valve tends to move 
the valve towards the closed position and 
acts in conjunction with the diaphragm to 
control the valve movement. The spring 
is pre-set to ensure correct valve action 
and to provide a temperature differential 
between the evaporator inlet and outlet 
temperatures. 


This temperature differential is the 
“Superheat” which ensures the vapour at 
the evaporator outlet contains no droplets 
of liquid refrigerant when returned to the 
compressor. 


Evaporator 


The evaporator is located within the roof 
of the cab and like the condenser consists 
of a number of turns of continuous coil 
mounted in a series of thin cooling fins to 
provide a maximum of heat transfer in a 
minimum amount of space. 
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The evaporator enables the warm cab air 
to lose heat to the circulating low temper- 
ature refrigerant. 


Blower Fan 


The blower fan is located in the evaporator 
housing and draws warm air from the cab 
and forces it through the evaporator. The 
cooled air is then blown through the air 
conditioner outlets back into the cab. The 
blower motor is controlled by a three- 
speed switch. 


High blower speed provides the greatest 
volume of circulated air, however, a 
slower speed will allow the air to contact 
the cooling fins and coils of the evaporator 
for a longer period resulting in the warm 
air giving up more heat to the cooler refri- 
gerant. Therefore, the coldest air temper- 
ature is obtained when the blower fan is 
operated at the lowest speed. 


SYSTEM OPERATION 
With reference to Figure 9. 


The compressor receives the refrigerant 
as a low pressure COLD VAPOUR and 
raises the temperature of the vapourised 
refrigerant by compression to a level 
above that of the ambient temperature. 
The refrigerant leaves the compressor as 
a high pressure HOT VAPOUR. 


NUTTY 
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Figure 9 
Ford Tractor Air Conditioning System Operation (Schematic) 


High Pressure 
Vapour 


1. Capillary Tube 

2. Expansion Valve 

3. Self-Sealing Coupling (High Pressure) 
4, Self-Sealing Coupling (Low Pressure) 
5. Sight Glass 


The condenser receives the heat laden 
high pressure refrigerant vapour from the 
compressor at the top hose connection. 


The hot vapour passes down through the 
condenser coils and heat moves from the 
hot refrigerant vapour into the cooler ram 
air flowing across the condenser coils and 
fins. 


High Pressure 
Liquid 
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Low Pressure 
Vapour 


6. Compressor 

7. Condenser 

8. Blower Motor and Fan 
9. Evaporator 
10. Dehydrator and Receiver 


NOTE: Ram air is the air flow induced by 
the forward motion of the tractor and the 
suction of the engine coolant radiator fan. 


When the refrigerant vapour reaches the 
pressure and temperature that will induce 
a change of state, a large quantity of heat 
is transferred to the outside air and the 
refrigerant changes from a high pressure 
HOT VAPOUR to a high pressure WARM 
LIQUID. 
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The warm liquid refrigerant passes to the 
dehydrator and receiver via an inlet line 
which incorporates a self-sealing coupling 
to facilitate cab removal. The refrigerant 
is then filtered and desiccated before pas- 
sing through an outlet line to the thermo- 
static expansion valve. The refrigerant 
enters the thermostatic expansion valve 
as a high pressure WARM LIQUID but on 
passing through the metering orifice, the 
pressure and temperature are reduced 
and the refrigerant leaves the thermostatic 
expansion valve as a low pressure COLD 
ATOMISED LIQUID. 


The cold liquid refrigerant passes through 
the evaporator coils and heat moves from 
the warm cab air into the cooler refriger- 
ant. When the liquid refrigerant reaches 
the pressure and temperature that will in- 
duce a change of state, a large quantity of 
heat moves from the air into the refriger- 
ant which then changes from a low pres- 
sure COLD ATOMISED LIQUID to a low 
pressure COLD VAPOUR. 


The system circuit is completed as the low 
pressure cold vapourised refrigerant pas- 
ses from the evaporator to the compressor 
via an inlet line which incorporates a self 
sealing coupling to facilitate cab removal. 


Air Conditioning System Controls 


The air conditioning system controls con- 
sist of electrical switches connected in 
series with the compressor clutch to regu- 
late the compressor operation. 


Thermostat Assembly 
(High Pressure Cut-Out Switch) 


Blockage of the condenser fins will restrict 
ram air flow, hinder heat exchange and 
increase the temperature and pressure of 
the refrigerant in the condenser. The ther- 
mostat, or high pressure cut-out switch, 
is located on the outlet line from the con- 
denser and opens to cut off electrical 
power to the clutch when the temperature 
reaches 76.7°C (170°F). The switch closes 
to re-engage the clutch when the temper- 
ature drops back to 71.1°C (160°F). 


The switch is factory sealed and cannot 
be adjusted. 


Thermostatic Switch 


As air passes through the evaporator, 
moisture condenses on the coils and 
drains off as water. However, when 
maximum cooling and low blower speed 
is required, the evaporator temperature 
may become so low as to cause the mois- 
ture condensate to freeze and form as ice 
on the evaporator coils. This action will 
restrict air flow, hinder heat exchange and 
decrease the cooling action in the 
evaporator. 


The thermostatic switch is located in the 
cab roof and opens to cut off electrical 
power to the clutch when the evaporator 
temperature approaches freezing point. 
The switch closes when the evaporator 
temperature rises to a pre-set level. 


The switch cut-out and cut-in tempera- 
tures are established in manufacture and 
should not require adjustment. 


Figure 10 
Thermostatic Switch Operation 


1. Bellows 

2. Capillary Tube 

3. Cam Follower 

4. Temperature Control Camshaft 
5. Pivoting Frame 

6. Contact Points 


Thermostatic Switch Operation 
Reference to Figure 10. 


The switch consists of a bellows-type ther- 
mostat and a capillary sensor tube filled 
with Refrigerant R-12. The bellows are at- 
tached to a frame which pivots to open or 
close a set of contact points. One end of 
the capillary tube is inserted between the 
fins about 3 in. (75 mm) deep into the 
evaporator core. 


When the evaporator temperature drops, 
the refrigerant within the capillary tube 
and the bellows contracts, thereby caus- 
ing the switch points to open and cut off 
electrical power to the clutch. 
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Conversely, a rise in evaporator tempera- 
ture will cause the bellows to expand, 
close the points and re-engage the clutch. 


The thermostat has a manually operated 
temperature control comprising a cam- 
shaft, a cam follower (connected to the 
pivoting frame by a spring) and an exter- 
nal control knob. The cam follower spring 
tension tends to open the points. 


Turning the control knob clockwise de- 
creases the cam follower spring tension 
which results in a greater force being re- 
quired to open the points. Therefore, a gre- 
ater drop in evaporator temperature is 
necessary before the bellows contract far 
enough as to open the points. Cooler air 
circulation to the operator is thus assured. 


A second spring governs the temperature 
interval between the points opening and 
closing. This interval ensures satisfactory 
defrosting of the evaporator before the 
system starts to re-function. 


Turning the control knob fully counter- 
clockwise (OFF) keeps the contact points 
open and prevents operation of the sys- 
tem. 


NOTE: 7he blower motor switch also con- 
trols the compressor and both the blower 
and thermostatic switch must be turned 
ON for the air conditioning system to op- 
erate. 
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B. AIR CONDITIONING SYSTEMS WITH DE-LUXE CAB — OVERHAUL 


IMPORTANT: Study this — section 
thoroughly before attempting to service 
the air conditioning systems. 


Overhaul of the Ford Tractor air condition- 
ing system should only be undertaken by 
a specialist refrigeration engineering out- 
let or a specially equipped Ford Tractor 
Dealer who must provide the following 
facilities: 


1. The services of a competent 
mechanic properly trained in air con- 
ditioning overhaul procedures. 


2. A comprehensive air conditioning 
test kit including a gas leak detector. 


3. Procurement and storage facilities for 
Refrigerant R-12. 


When removing the cab or splitting the 
tractor, great care must be taken not to 
rupture the air conditioning system pres- 
sure lines. Self-sealing couplings facilitate 
cab removal and the engine, front and rear 
transmissions may be separated without 
interrupting the system, see “SEPARAT- 
ING THE TRACTOR”—Part 12. However, 
separating the tractor between the engine 
and the front axle will necessitate dis- 
charging the system. 


WARNING: NEVER separate the 

tractor between the engine and the 
front axle unless the air conditioning sys- 
tem has been fully discharged. 


The compressor is the only item in the air 
conditioning system which may be re- 
paired. 


All other damaged or faulty components 
must be replaced and no repair attempted 
by the dealer or specialist refrigeration en- 
gineer. When replacing any system com- 
ponents, the complete system must be 
discharged, evacuated and re-charged. 


General Precautions 


To prevent the entry of moisture or any 
foreign material, observe the following 
points: 


@ Ensure all tools, gauges and replace- 
ment parts are kept clean and dry. 


@ Clean all hoses and fittings before dis- 
connecting. 


@ Immediately cap or plug all openings 
when disconnected. 


@ When adding refrigerant oil ensure 
the transfer equipment (hoses, con- 
tainers etc.) is clean and free of mois- 
ture. | 


@ Always uncap and re-cap the oil con- 
tainer immediately before and after 
use. 


NOTE: Jhe /ubricating oil which is mixed 
with the refrigerant is free of moisture. 


@ Always evacuate any system that has 
been opened and sealed. 
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Precautions when handling Refrigerant 
R-12 


Refrigerant R-12 is colourless in both the 
liquid and gaseous forms. Under normal 
temperature and pressure conditions, R-12 
is a vapour (gas) which is heavier than air. 


Refrigerant R-12 Its available in bottles and 
14 ounce (400 g) cans. As the cans are 
easy to handle and are also disposable, 
they are used extensively for servicing air 
conditioning systems. 


Although R-12 is considered to be gener- 
ally safe, the containers are under consid- 
erable pressure and safety precautions 
must be observed as follows: 


@ NEVER allow Refrigerant R-12 gas to 
escape in quantity in an occupied 
space. Refrigerant R-12 is _ non- 
poisonous, but it will not furnish oxy- 
gen required to support life. 


@ NEVER store or use containers in di- 
rect sunlight, in or near a welding or 
steam cleaning area or near any 
source of heat. 


@ NEVER apply direct heat to Refriger- 
ant R-12. If the refrigerant must be 
warmed, use hot water or wet cloths 
at temperatures not exceeding 49°C 
(120°F). 
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@ NEVER store or discharge Refrigerant 
in an area where there is an open 
flame, such as a gas heater or welding 
torch. Although normally non- 
poisonous, a heavy concentration of 
refrigerant exposed to a flame will 
produce a poisonous gas. 


@ NEVER overheat any portion of the 
charged air conditioning system. The 
pressure in an air conditioning sys- 
tem rises as the temperature rises and 
temperatures above 93°C (200°F) can 
be dangerous. 


@ NEVER attempt to use a refrigerant 
can without installing a suitable can 
valve, see “Refrigerant Can Valve”. 


@ NEVER expose eyes or skin to refri- 
gerant. Remember, the refrigerant 
temperature at atmospheric pressure 
is —11.7°C (11°F). 


@ ALWAYS allow space for expansion 
when transferring refrigerant from a 
large container to a small one. 


@ ALWAYS wear safety goggles and 
gloves when servicing any part of the 
air conditioning system. 


IMPORTANT: /f refrigerant should contact 
the eyes, DO NOT RUB THE EYES. Splash 
cold water on the eyes to bring the temp- 
erature up above freezing. If refrigerant 
should contact the skin, treat as for 
frostbite. Warm the affected area with a 
hand or lukewarm water (32°—38C) 
(90°—100°F) and cover loosely with a dry 
bandage. In either case, consult a doctor 
immediately. 
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Figure 11 
Refrigerant Can Valves 
A. Screw Type Valve 
B. Flat Type Valve 


1. Handle 

2. Locking Lugs 

3. Valve Sealing Gaskets 
4. Locking Ring 

5. Handle 

6. Cam Lever 


Refrigerant Can Valve 


All refrigerant cans are sealed and must 
be opened with a can valve which, after 
installation, serves to puncture the can 
and controls the escape of refrigerant. 


NOTE: Ensure the valve sealing gaskets 
are in good condition before installing the 
valves. 


The can valves are of two types as follows: 
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Screw Type Valve 
The screw type valve, Figure 11, features 
a locking ring. To install the valve: 


@ Turn the valve handle anti-clockwise 
to the fully open position. 


@ Ensure the locking ring is turned anti- 
clockwise to the top of the threaded 
section. 


@ Screw the valve assembly securely 
onto the can. 


@ Turn the locking ring clockwise to 
fully secure the valve to the can. 


e After the vaive is installed, rotate the 
handle clockwise to close the valve 
and pierce the can. 


Flat Type Valve 


The flat type valve, Figure 11, features a 
camlock action. To install the valve: 


@ Turn the valve handle anti-clockwise 
to the fully open position. 


@ Rotate the valve one turn anti- 


clockwise relative to the valve base 
and secure the locking lugs over the 
can flange. 


Pull the cam lever to lock the valve to 
the can. 


Rotate the valve clockwise and 
tighten to ensure effective sealing. 


After the valve is installed, rotate the 
handle clockwise to close the valve 
and pierce the can. 
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Service Valves 


The air conditioning system is equipped 
with Schrader type service valves, which 
feature service gauge ports to facilitate 
discharge, evacuation and charging of the 
system. the service valves are an integral 
part of the compressor hoses, incorporat- 
ing connections for the low and high pres- 
sure circuits. 


Schrader Type Valve Operation 


The spring-loaded valve will be opened 
when the test hose is connected and no 
other control is provided. 


NOTE: 7he test hose must incorporate a 
valve depressor to actuate this type of 
valve. 


Valve Caps 


Schrader valves have a protective cap in- 
stalled on the service port. This cap must 
be removed for test gauge connections 
and valve operation and must be replaced 
when service operations are completed. 


The cap additionally serves as a seal to 
prevent valve leakage and to keep out dirt 
and moisture. Non-replacement of the cap 
could result in refrigerant loss and system 
failure. 


Figure 12 
Manifold Gauge Set—Tool No. 40153 or 0172 


A. Low Pressure Side 
B. High Pressure Side 


. High Side Pressure Gauge 

. High Side Hand Valve 

Test Hose to High Side Service Connector 
. Centre Service Hose 

. Test Hose to Low Side Service Connector 
. Low Side Hand Valve 

. Low Side Compound Gauge 
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Manifold Gauge Set 


The Manifold Gauge Set, Tool No. 40153 
or 0172, is the most important tool used 
in testing and servicing the air condition- 
ing system. 


The gauge set is used for trouble shooting, 
discharging, evacuating and charging the 
system. 


The manifold gauge set, Figure 12, con- 
sists of a low side or compound gauge, a 
high side gauge and the manifold to which 
the gauges are connected. 
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Compound (Low Side) Gauge 

The left-hand, compound gauge derives 
its name from its function. It will register 
both pressure and vacuum. This com- 
pound gauge is used for testing the low 
pressure side of the system and registers 
from 0-250 Ibf/in? (0-18 bar) on the pres- 
sure scale and 0-30 in (0-750 mm) of Mer- 
cury (Hg) on the vacuum scale. Practically 
all readings of the low side of the system 
will be less than 60 Ibf/in? (4.13 bar). 


High Side Gauge 


The right-hand, high side gauge is used 
to determine pressures in the high side of 
the system. The gauge is calibrated to re- 
gister from 0-500 Ibf/in? (0-35 bar). 


Gauge Manifold 


The gauge manifold mounts the high and 
low side gauges and connects the gauges 
into the high and low sides of the system 
by means of service fittings and hoses. 
The gauges connect to the upper part of 
the manifold through holes drilled and 
tapped to a % inch pipe thread. Service 
fittings below the gauges on the lower side 
of the manifold direct the refrigerant 
through the manifold to the gauges to ob- 
tain pressure readings. 


IMPORTANT: ALWAYS connect the LOW 
SIDE fitting to the LOW PRESSURE side of 
the system. 


The centre service fitting on the lower side 
of the manifold is connected to both pres- 
sure gauges and test hoses by a passage 
in the manifold. Refrigerant flow into the 
high and low side is controlled by a hand 
shut-off valve at each end of the manifold. 
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IMPORTANT: ALWAYS close the hand val- 
ves (turn clockwise until seated) during all 
test operations. 


With both hand valves in the “closed” pos- 
ition, refrigerant will be shut off from the 
centre test hose service fitting but will cir- 
culate around the valve stems to the 
gauges and register pressure. 


Opening the high side hand valve will 
allow refrigerant to flow through the pas- 
sage and the centre hose service fitting 
and at the same time continue to the high 
side gauge to register pressure. 


Opening the low side hand valve will open 
the low side to the centre hose service 
fitting and low side gauge. 


Test Hoses 


The test hoses are the connections be- 
tween the gauge manifold and the air con- 
ditioning compressor hose service valves. 
They are connected to the gauge manifold 
by use of a screw-on connection and sea- 
led with an internal ‘O’ ring. The hose con- 
nections should only be finger-tight as this 
is sufficient to seal the hose onto the ‘O’ 
ring. 


The manifold is constructed so that the 
test hose and connector directly below the 
gauge will pass refrigerant to that gauge 
to show pressure readings. 


The centre test hose is not connected to 
the air conditioning system. It is used to 
allow refrigerant to discharge from the 
system or may be connected to a vacuum 
pump for evacuating the system. 


Manifold Gauge Set Connection 


WARNING: STOP the _ tractor 
engine during connection of the 
manifold gauge set. 


1. Remove the protective caps from the 
compressor hose service gauge 
ports. 


2. Ensure the gauge set hand valves are 
closed (turned fully clockwise). 


3. Connect the high side gauge hose to 
the high side service valve and the 
low side gauge hose to the low side 
service valve. 


IMPORTANT: Prior to connection of the 
manifold gauge set, identify the suction 
(low pressure) and discharge (high pres- 
sure) service gauge ports. The high pres- 
sure service valve is always in the line 
from the compressor to the condenser. 


4. Purge the gauge hoses using one of 
the following methods: 


Purging Gauge Hoses 
Method A—Using System Refrigerant 


1. Ensure the high and low side mani- 
fold gauge hose connections at the 
compressor hose service ports are 
tight. 
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Purge the high side test hose by open- 
ing the high side gauge hand valve 
for 3—5 seconds, to allow system refri- 
gerant to purge air from the test hose 
and discharge through the manifold 
centre hose, then close the hand 
valve. 


Purge the low side test hose in the 
same manner by opening the low side 
gauge hand valve for 3-5 seconds 
then close the hand valve. 


Method B—Using Refrigerant Can 


1. 


Ensure the high and low side mani- 
fold gauge hose connections at the 
compressor hose service ports are 
tight. 


Install acan valve on acan of Refriger- 
ant R-12 and connect the can to the 
gauge set centre hose. 


Purge the high side test hose by open- 
ing the refrigerant can valve and 
“cracking” (opening slightly) the high 
side gauge hand valve for 3-5 sec- 
onds, to allow refrigerant to purge air 
from the test hose and discharge 
through the loose connection at the 
compressor hose service port, then 
tighten the hose connection and close 
the hand valve and can valve. 


Purge the low side test hose in the 
same manner by “cracking” the low 
side gauge hand valve for 3-5 sec- 
onds, then tighten the hose connec- 
tion and close the hand valve and can 
valve. 


R-13-541 
Figure 13 
Propane Torch Leak Detector—Tool No. 10538 
1. Chimney 
2. Elbow 


3. Pick-up Hose 
4. Propane Tank 
5. Valve 

6. Reactor Plate 


Stabilising the System 


After the manifold gauge set has been con- 
nected and before pressure tests can be 
made, the system must be stabilised as 
follows: 


1. Run the engine at a fast idle speed 
(approximately 1000-1200 rev/min). 


2. Operate the system at maximum 
cooling, with the blower fan at high 
speed, for 10 minutes to stabilise all 
components. 


3. Check the system for full refrigerant 
charge by observing the sight glass. 


4. Check the normal gauge readings, 
see “Trouble Shooting”. A low, high 
side gauge reading is a sign of an in- 
sufficient refrigerant charge. 
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If the refrigerant charge is determined 
to be insufficient, the system must be 
tested for leaks and re-charged before 
accurate tests can be made for normal 
system operation. 


NOTE: Natura/ loss of some system refri- 
gerant can be expected over a period of 
time. 


Leak Testing 


The majority of air conditioning system 
malfunctions result from a loss of refriger- 
ant due to leaks which generally occur at 
points of connection and are caused by 
vehicle vibration. 


Leak tests should be made as follows: 


@ Whenever service operations result in 
disturbing refrigerant lines or connec- 
tions. 


@ Whenever a complaint indicates a 
system leak may be involved. 


@ Whenever more than 0.5 Ib (0.25 Kg) 
of refrigerant is lost from the system 
after a seasons operation. 


The two types of leak detectors in common 
use are the Propane Torch and Electronic. 


Propane Torch Leak Detector 


The Propane Torch leak detector, Tool No. 
10538, Figure 13, consists of a burning 
torch equipped with a sampling tube 
(reactor plate and chimney) and a pick-up 
hose. 


In operation, the propane flame draws 
leaking refrigerant over the hot copper 
alloy reactor plate in the sampling tube. If 
refrigerant is present the propane flame 
will change colour. 


Leak Testing Procedure (Propane Torch) 


WARNING: Do not operate-the trac- 

tor engine during this test. If the 
surrounding air is contaminated with refri- 
gerant gas, the leak detector will indicate 
the amount of gas in the air at all times. 
Ensure good ventilation. 


1. Open the valve and light the torch. 
Adjust the flame just high enough to 
heat the reactor plate to a cherry red 
colour. 


2. Lower the flame until just high 
enough to maintain the cherry red 
colour of the reactor plate. 


IMPORTANT: 7oo high a flame will burn 
out the reactor plate. 


3. Move the pick-up hose slowly around 
and under all parts of the system par- 
ticularly at connection points. 


WARNING: Do not breathe fumes 

or smoke, particularly from a large 
leak. Avoid using an open flame near sur- 
faces which can be easily damaged by 
heat. Ensure a fire extinguisher is readily 
available. 


4. Check the evaporator and condenser 
cores by probing with the end of the 
pick-up hose. 
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5. During the testing procedures, ob- 
serve the flame for colour changes as 
follows: : 


@ Pale Blue—Normal 


@ Yellow or Yellow-Green-—Slight leak 


@ Bright Blue or Purple—Large leak 


NOTE: 7o facilitate leak detection on the 
high pressure side, operate the system for 
a few minutes then stop the engine and 
test immediately before the system pres- 
sures have a chance to equalise. 


6.  Ifaslow leak is suspected but cannot 
be detected, the system may have to 
be overcharged. This is effected by 
increasing the refrigerant charge by 
50% and repeating the test. This ac- 
tion willincrease the system pressure 
(without being dangerous) and make 
a small leak more easily detected. 


7. When the leak is located proceed as 


follows: 


@ Discharge the system 


@ Repair the leak 


@ Evacuate the system 


@ Charge the system 
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Figure 14 
Electronic Leak Detector 


1. Probe Pick-Up 


Electronic Leak Detector 


This instrument (Tool No. 14950-A or 
0855) is the most sensitive of any detector 
available and must be handled with care 
to give accurate results. When cared for 
properly, the electronic detector, Figure 
14, will locate leaks, quickly and accu- 
rately, that are almost impossible to locate 
with other types of detectors. Directions 
for use are furnished with the instrument. 


Refrigerant Oil 


Only new, pure, moisture-free refrigerant 
oil should be used in the air conditioning 
system. Refrigerant oil is highly refined 
and dehydrated, therefore, the oil con- 
tainer must always be kept tightly sealed 
when not in use. 
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Handling Refrigerant Oil 


The following are a few simple rules when 
handling refrigerant oil:- 


Use only approved refrigerant oil, see 
“Specifications” Section C. 


Do not transfer oil from one container 
to another. 


Do not return oil from the system to 
a container—always discard it. 


Make sure the cap is tight on the con- 
tainer when not in use. 


Replace old oil if there is any doubt 
about its condition. 


Avoid contaminating the oil. 


Compressor Oil Level Checks 


Compressor oil level checks are not re- 
quired under normal operating conditions 
when the air conditioning system is func- 
tioning satisfactorily. However, the oil 
level should be checked whenever the sys- 
tem Is serviced or overhauled. 


It is important that only the specified type 
and quantity of refrigerant oil be used in 
the compressor, see “Specifications”, 
Section C. lf there is a surplus of oil in the 
system, too much oil will circulate with 
the refrigerant, reducing the cooling 
capacity of the system. Too little oil will 
result in poor lubrication of the compres- 
sor. 
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When it is necessary to replace a compo- 
nent of the air conditioning system, the 
procedures given here must be followed 
to ensure that the total oil charge in the 
system is correct after the new part is In- 
stalled. When the compressor is operated, 
oil gradually leaves the compressor and 
is circulated through the system with the 
refrigerant. 


Eventually a balanced system is reached 
in which a certain amount of oil is retained 
in the compressor and a certain amount 
is continually circulated. If a component 
of the system is removed after the system 
has been operated, some refrigerant oil 
will go with it. To maintain the original 
total oil charge, it is necessary to compen- 
sate for this by replacing the oil in the new 
replacement part. 


The procedures for replenishing oil in the 
system and checking the oil level in the 
compressor are as follows: 


During Compressor Replacement 


A new service replacement compressor 
contains 8.4 fluid ounces (239 cc) of refri- 
gerant oil. Prior to installing the replace- 
ment compressor, drain 4.2 fluid ounces 
(119.5 cc) of refrigerant oil from the com- 
pressor. This will maintain the system 
total refrigerant oil charge within the 
specified limits. 


During Compressor Overhaul 


The compressor oil level can only be 
checked with the compressor removed 
from the tractor, therefore, the air condi- 
tioning system must first be discharged, 
see “Discharging the System”. 
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Figure 15 
Draining Refrigerant Oil 


1. Compressor 
2. Calibrated Contianer 


Clean the compressor body to prevent 
entry of dirt into the compressor or hoses. 
Stand the compressor on end, over a 
clean, calibrated container, so that the 
inlet and outlet ports are at the bottom, 
Figure 15. Drain the refrigerant oil into the 
calibrated container and measure the 
quantity obtained. Add the _ required 
amount of oil to refill the compressor with 
4.2 fluid ounces (119.5 cc). 


lf the air conditioning system has been 
open to atmosphere for a long period of 
time, it will be necessary to replace the 
old oil for new as the oil will have absorbed 
moisture from the air. 
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Invert the compressor so that the inlet and 
outlet ports are at the top. Measure the 
required amount of oil into a clean calib- 
rated container and using a small tipped 
funnel inserted into the inlet port, pour oil 
into the compressor. Cap both inlet and 
outlet ports to prevent entry of dirt and 
moisture. 


During Component Replacement 


lf the condenser, evaporator or dehydrator 
are replaced during a system overhaul, 
then new refrigerant oil must be added to 
the replacement component. 


Figure 16 
Adding Refrigerant to the System 


. High Side Gauge 

. High Side Gauge Hand Valve 
. Refrigerant Can Valve 

. Refrigerant Can of R-12 

. Low Side Gauge Hand Valve 
. Low Side Service Valve 

. High Side Service Valve 

. Low Side Compound Gauge 


Once the component has been removed 
from the tractor, drain the refrigerant oil 
from the component into a clean calib- 
rated container. Measure the quantity of 
oil obtained and add the same quantity of 
new refrigerant oil directly into the re- 
placement component. 
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lf any other component, such as hoses or Adding Refrigerant Procedure 
valves, is replaced, no additional refriger- 
ant oil is necessary. With reference to Figure 16. 


ADDING REFRIGERANT TO THE SYSTEM 


IMPORTANT: Observe al// safety recom- 1. Connect the Manifold Gauge Set 
mendations when handling Refrigerant Tool No. 40153 or 0172. see “Manifold 
R-12, see “Precautions When Handling Re- Gauge Set Cannection w 

frigerant R-12”. 


A small refrigerant loss between seasons 
is to be expected and is accepted as nor- 
mal. When the system is being tested for 2. Connect the manifold centre hose 


satisfactory operation, be prepared to add connection to a safety type can valve, 
refrigerant if it is found the system is then install the valve on the refriger- 
slightly low. antcan, see “Refrigerant Can Valve”. 
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Loosen the centre hose connection at 
the manifold, open the can valve 
slowly and allow escaping refrigerant 
to purge air from the centre hose for 
about three seconds. Retighten the 
hose connection. 


Ensure both hand valves are closed 
on the manifold gauge set. 


5. Start and operate the engine at ap- 
proximately 1000-1200 rev/min. with 
the system controls set at maximum 
cooling and high fan speed. 


WARNING: ever start or operate 

the engine with the high side hand 
valve open, as the air conditioning com- 
pressor will pressurise the refrigerant can, 
resulting in the can exploding causing 
serious injury. 


Open the low side hand valve, then 
invert the refrigerant can and open 
the refrigerant can valve to allow refri- 
gerant to be drawn into the system. 
Adjust the can valve or low side hand 
valve so that the pressure reading on 
the low side does not exceed 40 Ibf/in? 
(2.76 bar). 


IMPORTANT: Be sure that the refrigerant 
enters the system as a VAPOUR. Too 
much liquid entering the compressor can 
cause damage to internal parts. Be sure 
to regulate the valve on the can or low 
side valve so that the low side reading will 
not exceed 40 Ibf/in? (2.76 bar). This will 
ensure that the refrigerant in the hose has 
vapourized before entering the compres- 
sor. Also, the fittings on the low side gauge 
should feel cold if refrigerant is entering 
the system aS a gas. 
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NOTE: /n cool weather, temperatures 
below 27°C (80°F), it may be necessary to 
heat the refrigerant can to help vapourize 
the refrigerant before /t enters the system. 
DO NOT HEAT ABOVE 49°C (120°F), see 
“Precautions When Handling Refrigerant 
R-12”. 


When the refrigerant can is empty, 
close the low side hand valve and 
then close the refrigerant can valve. 
Check the sight glass which should 
be free of bubbles when the system 
is fully charged. 


NOTE: 7he ambient temperature at the 
condenser should be at least 21°C (70°F) 
for an accurate check. Below this temper- 
ature, bubbles may appear in the sight 
glass even though the system contains the 
correct amount of refrigerant. 


8. Test the system for satisfactory oper- 
ation, see “Performance Testing the 
System”. 

9. If the system is operating satisfactor- 


ily, stop the engine, disconnect the 
manifold gauge set and replace the 
protective caps on the compressor 
hose service ports. 


WARNING: A s/gnificant amount of 

refrigerant vapour may have con- 
densed to a liquid at the service fitting on 
the high pressure side. Use a cloth or other 
protective material when disconnecting 
the manifold hose from this fitting. 
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DISCHARGING THE SYSTEM 


lf the refrigerant is contaminated by any 
substance such as air, moisture or dirt, the 
system must first be discharged to remove 
all refrigerant and then evacuated. 


Discharging or purging the system is also 
necessary before attempting to replace or 
repair any of the components, and a mani- 
fold gauge set is used to control the rate 
of discharge thus minimising the loss of 
refrigerant oil. 


IMPORTANT: Prior to connection of the 
manifold gauge set, identify the suction 
(low pressure) and discharge (high pres- 
sure) service gauge ports. The high pres- 
sure service valve is always in the line 
from the compressor to the condenser. 


Discharging Procedure 
With reference to Figure 17. 


1. Connect the Manifold Gauge Set, 
Tool No. 40153 or 0172, see “Manifold 
Gauge Set Connection”. 


2. Place the manifold centre hose in a 
service bay exhaust fume extractor 
outlet. 


WARNING: Do not discharge re- 
frigerant into a service pit. This 
could cause suffocation to those working 
in the pit. 


3. Slowly open the low side gauge hand 
valve (% turn counter-clockwise) to 
allow the refrigerant to flow out of the 
centre hose without loss of refriger- 
ant oil. 
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Figure 17 
Discharging the System 


. High Side Gauge 

. High Side Gauge Hand Valve 
. Service Bay Exhaust Outlet 

. Centre Hose 

. Low Side Service Valve 

. High Side Service Valve 

. Low Side Gauge Hand Valve 
. Low Side Compound Gauge 
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IMPORTANT: /f the refrigerant is allowed 
to escape too fast, compressor oil will also 
be ejected and lost from the system. 


When the manifold gauge readings 
drop below 50 Ibf/in? (3.45 bar) slowly 
open the high side gauge valve and 
adjust to ensure no oil is ejected. 


5. Observe the gauge readings and, as 
the system pressure drops, slowly in- 
crease the hand valve openings until 
the gauges indicate zero pressure. 
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EVACUATING THE SYSTEM 


IMPORTANT: A system which Is exces- 
sively low on refrigerant, or where the re- 
frigerant has been removed to facilitate 
repairs, must be evacuated with a vacuum 
pump before new refrigerant is installed. 


Air and moisture are removed by evacuat- 
ing the system using a Vacuum Pump, 
Tool No. 15037 or 0179, and Manifold 
Gauge Set, Tool No. 40153 or 0172. As the 
vacuum pump lowers the pressure of the 
system, the boiling point of the moisture 
in the system is also lowered. Therefore, 
when evacuating the system, the boiling 
point of any moisture in the system must 
be lowered to a point below the ambient 
temperature to ensure all the moisture Is 
boiled off. 


The relationship of system vacuum to the 
boiling temperature at which the water 
vapour is removed from the system is as 
follows: 


mm. of in. 
Mercury | Mercury °C 


NOTE: For every 1000 feet (305 m) above 
sea level, the vacuum gauge reading must 
be corrected by adding 7 inch (254 mm) 
of Mercury to compensate for the change 
in atmospheric pressure. 


Figure 18 
Evacuating the System 


1. High Side Gauge 

. High Side Gauge Hand Valve 

. Vacuum Pump Suction Port 

. Vacuum Pump Vented Exhaust Port 
. Low Side Service Vaive 

. High Side Service Valve 

. Low Side Gauge Hand Valve 

. Low Side Compound Gauge 
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Evacuating Procedure 
With reference to Figure 18. 
IMPORTANT: Ensure the system is com- 


pletely discharged as refrigerant will dam- 
age the vacuum pump. 


1. Connect the manifold gauge set, see 
“Manifold Gauge Set Connection”. 


2. Connect the manifold centre hose to 
the vacuum pump suction port. 
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3. Fully open both the low and high side 
manifold hand valves. 


4. Close the vacuum pump vented 
exhaust valve by turning clockwise 
until the valve gently seats. 


5. Start the vacuum pump and note the 
low side gauge to ensure the system 
pulls down into a vacuum. 


6. Open the vented exhaust valve by 
turning approximately one revolution 
counter-clockwise. 


7. When the low side gauge attains the 
lowest steady vacuum, close the ven- 
ted exhaust valve. 


NOTE: The pump achieves ultimate vac- 
uum with the vented exhaust valve closed. 


Time the evacuation for a minimum of 
20 minutes from the point when lowest 
vacuum is attained. 


8. Check the system for leaks by closing 
the manifold hand valves, turning the 
vacuum pump off and noting the low 
side gauge reading. A drop of more 
than 2 inches (50 mm) of vacuum in 
5 minutes indicates a leak in the sys- 
tem. 


NOTE: A further procedure for detecting 
leaks, with both hand valves still closed, 
is to remove the manifold centre hose 
from the vacuum pump and connect the 
hose to a full can of refrigerant, Figure 79. 
Open both the low side hand valve and 
the refrigerant can valve a quarter turn to 
allow all the refrigerant, approximately 14 
oz. (400 g.), to enter the system. Close the 
refrigerant can valve and conduct a sys- 
tem leak test, see “Leak Testing Proce- 
dure”. 
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Discharge the system, repair the leak 
then repeat the evacuation proce- 
dure. 


9. If the gauge needle remains statio- 
nary and the vacuum is maintained 
for 3—5 minutes, close both the high 
and low side manifold hand valves, 
turn off and disconnect the centre 
hose from the pump. The system is 
now ready for charging. 


CHARGING THE SYSTEM 


IMPORTANT: Ensure there are no leaks in 
the system, the compressor oil level is cor- 
rect and the system has been fully 
evacuated. Observe all safety recommen- 
dations when handling Refrigerant R-12, 
see “Precautions When Handling Refriger- 
ant R-12”. 


With reference to Figure 19. 


1. Refer to “Specifications” Section C, 
to determine the amount of refriger- 
ant required. Set out the exact 
number of 14 0z (400 g) cans required 
to the nearest 14 oz (400 g). 


To determine when half a can of refri- 
gerant has been charged into the sys- 
tem, use either one or both of the fol- 
lowing methods:- 


i) Weigh the can before charging 
and stop when half of the original 
weight is reached. 


ii) Stop charging when extreme 
cold is felt half-way down the 
can. 
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Figure 19 
Charging the System 


. High Side Gauge 

. High Side Gauge Hand Valve 
. Refrigerant Can Valve 

. Refrigerant Can of R-12 

Low Side Service Valve 

. High Side Service Valve 

. Low Side Gauge Hand Valve 
Low Side Compound Gauge 


Connect the Manifold Gauge Set, 
Tool No. 40153 or 0172, see “Manifold 
Gauge Set Connections”. 


Attach a safety type can valve to the 
manifold centre hose, then install the 
valve on the refrigerant can, see “Re- 
frigerant Can Valve”. 


Loosen the centre hose connection at 
the manifold, open the can valve 
slowly and allow escaping refrigerant 
to purge air from the centre hose for 
about three seconds. Retighten the 
hose connection. 
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Invert the refrigerant can, open the 
high side hand valve and allow refri- 
gerant to enter the high side of the 
system. When the refrigerant can is 
empty, close the can valve, install a 
new can and repeat the process. 


After the high side pressure becomes 
slow to increase, open the low side 
hand valve and allow refrigerant to 
enter the low side of the system. 


After the low side pressure becomes 
slow to increase, close the high side 
hand valve and close the refrigerant 
can valve. 


Start and operate the engine at ap- 
proximately 1000-1200 rev/min. with 
the system controls set at maximum 
cooling and high fan speed. 


WARNING: Never start or operate 

the engine with the high side hand 
valve open as the a/r conditioning com- 
pressor will pressurise the refrigerant can, 
resulting in the can exploding causing 
serious Injury. 


Open the refrigerant can valve to 
allow the refrigerant to be drawn into 
the system. Adjust the low side hand 
valve so that the pressure reading 
does not exceed 40 Ibf/in? (2.76 bar). 


IMPORTANT: Do not overcharge the sys- 
tem. Too much refrigerant, or air, in the 
system will create excessive pressure in 
the compressor body. This condition will 
be indicated by a higher than normal reaa- 
ing on the high side pressure gauge and 
a normal reading on the low side pressure 
gauge, refer to Pressure-Temperature 
Chart, see “Trouble Shooting”, Section C. 
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It may be necessary to warm the remain- 
ing refrigerant cans to develop sufficient 
pressure to fully charge the system. The 
refrigerant can should only be warmed 
after being connected to the system for 
charging. 


WARNING: /f the refrigerant can 

must be warmed, use hot water or 
wet cloths of temperatures not exceeding 
49°C (120°F). NEVER apply direct heat. 


10. When the system is fully charged, 
close the low side hand valve and 
then close the refrigerant can valve. 


11. Check the sight glass which should 
be free of bubbles when the system 
is fully charged. 


NOTE:7he ambient temperature at the 
condenser should be at least 27°C (70°F) 
for an accurate check. Below this temper- 
ature, bubbles may appear in the sight 
glass even though the system contains the 
correct amount of refrigerant. 


12. Test the system for satisfactory oper- 
ation, see “Performance Testing the 
System”. 


13. If the system is operating satisfactor- 
ily, stop the engine, disconnect the 
manifold gauge set and replace the 
protective caps on the compressor 
hose service valve ports. 
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WARNING: A significant amount of 

refrigerant vapour may have con- 
densed to a liquid at the service fitting on 
the high pressure side. Use acloth or other 
protective material when disconnecting 
the manifold hose from this fitting. 


14. After the system has been charged, 
test for leaks, see “Leak Testing Pro- 
cedure”. 


Performance Testing the System 


After completion of all repairs and the sys- 
tem is fully charged with Refrigerant R-12, 
the air conditioner should be operated and 
performance tested to ensure all control 
components are operating correctly and 
the system is cooling satisfactorily. 


1. Connect the Manifold Gauge Set, 
Tool No. 40153 or 0172, see “Manifold 
Gauge Set Connection”. 


2. Shut off the heater water control val- 
ves at the engine. 


3. Set the air conditioning controls for 
maximum cooling and low fan speed. 
Set the air vent in the cab roof to the 
fresh air position and place a Ther- 
mometer, Tool No. 10945 or 0174, in 
the centre of the right hand air outlet 
louvre at the front of the cab roof. 
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4. Setthe parking brake, ensure the gear 
levers are in neutral, start the engine 
and close the cab windows and doors. 


5. Operate the engine for 10 minutes at 
1000-1200 rev/min. 


6. Check the thermometer reading 
which will vary according to outside 
air temperature and humidity condi- 
tions. At an ambient temperature of 
21°C (70°F) with low humidity, the 
thermometer reading should be 
within the range 2°—13°C (35°—55°F). If 
the outside air is well above 21°C 
(70°F) and the humidity is high, the 
thermometer reading could be as 
high as 13°-19°C (55°-65°F). 


7. Check the manifold low pressure 
gauge reading is within the specified 
range of approximately 4-36 Ibf/in? 
(0.28-2.48 bar). | 


8. Check the manifold high pressure 
gauge reading as indicated in the 
chart below. 


Ambient Air 
Temperature 


High Pressure 
Gauge Reading 


Ibf/in? bar 
120-170 
150—190 
170—220 
190—250 
220-300 
270-370 


8.3—-11.7 
10.3-13.1 
11.7-15.2 
13.1-17.2 
15.2—20.7 
18.6—25.5 


NOTE: Ambient temperature readings are 
taken at a point 50 mm (2 in) in front of 
the condenser. 
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COMPRESSOR ASSEMBLY — OVERHAUL 


The only components of the compressor 
to be serviced are the clutch and pulley 
assembly, clutch coil and the driveshaft 
seal assembly. 


Any other faults will necessitate replace- 
ment of the complete compressor. 


REMOVAL 


Fully discharge the system, see “Discharg- 
ing the System”. Disconnect and remove 
both hose assemblies from the compres- 
sor body. 


Immediately cap the valve ports in the 
compressor body and the hose as- 
semblies to prevent entry of dirt and mois- 
ture. 


Release and withdraw the retaining bolts 
and remove the compressor from the trac- 
tor. 


Drain the compressor of refrigerant oil, 
see “Refrigerant Oil Level”. 


PART 13—ACCESSORIES AND GENERAL 


Figure 20 Figure 21 
Clutch Hub and Plate Removal Compressor Pulley Removal 
1. Clutch Hub and Plate Remover, Tool No. 10884 1. Puller, Tool No. 1002 or 9198 
2. Spanner 2. Compressor Pulley 
3. Clutch Hub and Plate 3. Shaft Protector, Tool No. 625A or 9212 


4. Ratchet Wrench 


CLUTCH HUB, PULLEY AND FIELD COIL 4. Remove the shims and key from the 
compressor driveshaft. 
DISASSEMBLY 


1. Remove the clutch hub cover retain- 
ing screws and remove the cover. 


2. Usethe Clutch Spanner Wrench, Tool 
No. 10781 or 6838, to hold the clutch 
hub and plate stationary and remove 
the retaining nut from the end of the 
shaft. 5. Using Pedestal Nut Remover, Tool 
No. 40547 or 6388, remove the clutch 
pulley retaining nut. Withdraw the 


3. Install the Clutch Hub and Plate Re- pulley and clutch field coil from the 
mover, Too! No. 10884. Hold the compressor body. If the pulley and 
outer, larger diameter, bolt whilst bearing assembly cannot be removed 
tightening the inner, smaller diame- by hand, use Puller Tool No. 1002 or 
ter, bolt to pull the clutch hub and 9198 and Shaft Protector, Tool No. 
plate from the compressor driveshaft, 625A ir 9212, to remove the pulley, 


Figure 20. Figure 21. 
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Figure 22 
Compressor Clutch Components 


1. Compressor Body 

2. Clutch Field Coil 

3. Locking Ring Nut 

4. Clutch Hub and Plate 


RE-ASSEMBLY 


With reference to Figure 22. 


1; 


Clean the front of the compressor 
body to remove any dirt or corrosion. 


Install the clutch field coil on the front 
end of the compressor body with the 
electrical connector on top and the 
slots of the field coil locating over the 
compressor body lugs. 


Install the clutch pulley and bearing 
onto the front of the compressor 
body. The bearing is a slip fit on the 
compressor body head and, if prop- 
erly aligned, should slip easily onto 
the compressor body head. If diffi- 
culty is encountered installing the 
clutch pulley and bearing, gently tap 
the pulley onto the compressor body, 
using Tool No. T1818 or 9515 and a 
light plastic or fibre hammer. 
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5. Clutch Hub and Plate Locking Nut 
6. Key 

7. Shims 

8. Clutch Pulley 


NOTE: /ncorrect alignment of the clutch 
pulley bearing to the compressor body 
head will result in irreparable damage to 
the compressor body and housing. 


4. Install the shims and key onto the 


compressor driveshaft. Ifa newclutch 
hub and plate and clutch pulley are 
being installed, use the two thickest 
shims from the shim pack provided 
with the replacement parts. 


5. Install the clutch hub and plate onto 
the compressor driveshaft. Install the 
retaining nut and tighten to the 
specified torque, see “Specifica- 
tions”, Section C, using the Clutch 
Spanner Wrench, Tool No. 10781 or 
6836, to hold the hub. 
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Figure 23 
Compressor Clutch Air Gap Measurement 


1. Dial Indicator Mounting Block 
2. Clutch Hub and Plate 

3. Compressor Pulley 

4. Dial Indicator Gauge 


NOTE: Do not attempt to drive the clutch 
hub and plate onto the compressor 
driveshaft as damage to the internal com- 
ponents of the compressor will result. 


6. Using a dial indicator gauge, check 
the air gap using the following proce- 
dure: 


@ Mount the dial indicator gauge onthe 
compressor clutch pulley, Figure 23. 


@ Lift the clutch pulley to engage with 
the clutch hub and plate assembly 
and record the result. 


@ Rotate the clutch pulley and take read- 
ings at another five locations equally 
spaced around the pulley and record 
the results. 
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@ The smallest gap recorded must be 
within the specified limits, see 
“Specifications”, Section C. 


@ Addorremove shims as necessary to 
obtain the specified air gap. 


7. Remove the clutch hub and plate re- 
taining nut and withdraw the assem- 
bly from the compressor driveshaft, 
then withdraw the shims and key 
from the driveshaft. 


8. Apply a drop of thread sealant, see 
“Specifications”, Section C, to the 
clutch pulley and field coil retaining 
nut. Install the nut and tighten to the 
specified torque, see “Specifica- 
tions”, Section C, using Pedestal Nut 
Installer, Tool No. 40544 or 6388. 


9. Install the shims and key onto the 
compressor driveshaft. 


10. Install the clutch hub and plate onto 
the compressor driveshaft. Install the 
retaining nut and tighten to the 
specified torque, see “Specifica- 
tions”, Section C, using Clutch Span- 
ner Wrench, Tool No. 10781 or 6838, 
to hold the hub. : 


NOTE: Do not attempt to drive the clutch 
hub and plate onto the compressor 
driveshaft as damage to the internal com- 
ponents of the compressor will result. 


11. Install the clutch hub cover plate and 
secure with the retaining screws to 
the specified torque, see “Specifica- 
tions”, Section C. 
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Figure 24 
Dust Shield Removal 


1. Dust Shield 

2. Compressor Neck 

3. Screwdriver 

4. Compressor Driveshaft 


SHAFT SEAL 


DISASSEMBLY 


1. 


Remove the clutch hub, pulley and 
field coil as previously described. 


Pry the dust shield from the compres- 
sor body using a small screwdriver, 
Figure 24, taking care not to damage 
the end of the compressor body. 


Using suitable snapring pliers, re- 
move the ceramic seal retaining 
snapring. 


Clean the inside of the compressor 
body neck, driveshaft and the ex- 
posed portion of the ceramic seal seat 
to prevent entry of dirt or foreign mat- 
ter into the compressor. 
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Figure 25 
Ceramic Seal Removal 


1. Compressor Neck 
2. Ceramic Seal Remover, Tool No. 10513 or 6384 


Insert and engage the tangs of the 
Ceramic Seal Seat Puller/Installer, 
Tool No. 10513 or 6384, into the 
recess of the ceramic seal seat and 
tighten the outer sleeve of the tool to 
lock the tangs into the ceramic seal. 
Remove the ceramic seal seat by pul- 
ling on the seal while rotating in a 
clockwise direction, Figure 25. 


Remove and discard the “O” ring seal 
from inside the compressor body 
neck. 


Insert the Shaft Seal Puller/Installer, 
Tool No. 10503 or 6377, into the com- 
pressor body neck and onto the top 
of the shaft seal. Push the puller tool 
downwards onto the shaft seal whilst 
turning in a clockwise direction until 
the tool engages the tangs of the shaft 
seal. Pullthe shaft seal from the inside 
of the compressor body neck with the 
tool. 


Check to ensure the compressor 
drive-shaft and the inside of the com- 
pressor body neck are clean and free 
of burrs. 
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Figure 26 
Shaft Seal Protector Installed 


1. Compressor Driveshaft 
2. Shaft Protector, Tool No. 10514 or 6385 


RE-ASSEMBLY 


1. 


Coat the new ‘O’ ring seal with clean 
refrigerant oil and install it in the com- 
pressor using the following proce- 
dure: 


Place the Shaft Seal Protector, Tool 
No. 10514 or 6385, over the compres- 
sor driveshaft, Figure 26. 


Lubricate the new ‘O’ ring seal with 
clean refrigerant oil and install into 
the groove of the ‘O’ Ring Installer, 
Tool No. 10509 or 6382 and into the 
hook of the slide, Figure 27. Pull the 
slide back to hold the ‘O’ ring as 
shown. 


Insert the tool with the ‘O’ ring instal- 
led down into the compressor neck 
until it bottoms. 


Push the slide down and rotate the 
tool several times in each direction, 
forcing the ‘O’ ring from the tool into 
its seat in the compressor neck. 
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Figure 27 
Installing ‘O’ Ring into Compressor 


1. ‘O’ Ring Installer, Tool No. 10509 or 6382 
2. ‘O’ Ring 
3. Slide 


@ Remove the tool from the compressor 
neck. 7 


NOTE: /f the too/ cannot be removed eas- 
ily, move the slide up and down several 
times, then rotate in each direction. 


WARNING: The ’O’ ring cannot be 
installed when the shaft seal as- 
sembly its in place. 


2. Coat the new shaft seal with clean 
refrigerant oil and carefully engage 
the shaft seal with the Shaft Seal Pul- 
ler/Installer, Tool No. 10503 or 6377, 
Figure 28. 


3. Place the Shaft Seal Protector, Tool 


No. 10514 or 6385, over the compres- 
sor driveshaft. 
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Figure 28 
Shaft Seal Seat Installation 


1. Shaft Seal Seat Installer, Too! No. 10503 or 6377 
2. Shaft Protector, Tool No. 10514 or 6385 

3. Compressor Driveshaft 

4. Shaft Seal Attached to Tool No. 10503 or 6377 


4. Slide the shaft seal puller/installer 
with the shaft seal down into the com- 
pressor neck, turning the tool and seal 
while applying light downward pres- 
sure, until the seal assembly engages 
the flats on the compressor driveshaft 
and is sealed in place. Press down on 
the shaft seal tool and rotate in a 
counter-clockwise direction to disen- 
gage the tool from the shaft seal. 
Remove the tool from the compressor 
neck. 


5. Coat the ceramic seal seat with clean 
refrigerant oil. Insert and engage the 
tangs of the Ceramic Seal Seat Puller/ 
Installer, Tool No. 10513 or 6384, into 
the ceramic seal seat and tighten the 
outer sleeve of the tool to lock the 
tangs into the ceramic seal seat, 
Figure 29. 


6. Install the ceramic seal seat over the 
shaft protector down into the com- 
pressor neck, rotating in a clockwise 
direction so as not to disturb the ‘O’ 
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Figure 29 
Ceramic Seal Installation 


1. Ceramic Seal Seat 

2. Shaft Seal Protector, Tool No. 10514 or 6385 
3. Compressor Driveshaft 

4. Ceramic Seal Installer, Tool No. 10513 or 6384 


ring seal. Remove the ceramic seal 
seat puller/installer and shaft seal 
protector from the compressor. 


7. Using suitable snapring pliers, install 
the snapring to retain the ceramic seal 
seat, with the flat face of the snapring 
against the seal seat. The Snapring 
Installer, Tool No. 10510 or 6383, may 
be used to depress the snapring into 
the installed position. 


NOTE: Do not insta/l the snapring by 
bumping or tapping it as the ceramic seal 
seat could be damaged. 


8. Install the dust shield in the compres- 
sor neck. 


9. Install the clutch field coil, pulley and 
hub as previously described. 
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10. Refill the compressor with clean refri- 
gerant oil, see “Refrigerant Oil Level”. 


11. Install the compressor on the tractor 
following the removal procedure in 
reverse, ensuring all retaining bolts 
and hose couplings are tightened to 
the specified torque, see “Specifica- 
tions”, Section C. 


12. Prior to running the air conditioner, 
evacuate and re-charge the system 
with Refrigerant R-12, see “Evacuat- 
ing the System” and “Charging the 
System”. 


CONDENSER ASSEMBLY—OVERHAUL 
REMOVAL 


NOTE: 7he condenser assembly can only 
be removed after the entire system has 
been discharged, see “Discharging the 
System”, 


With reference to Figures 30 and 31. 


1. Remove the front grille and side 
panels. 


2. Fully discharge the air conditioning 
system. 


3. Disconnect the hydraulic oil feed and 
return hoses from the oil cooler. 


4. Disconnect and withdraw the con- 
denser inlet and outlet hoses. Cap or 
plug all exposed hose or pipe connec- 
tions. 
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Figure 30 
Condenser/Oil Cooler-—TW-5 and TW-15 


1. Track and Sliding Rail 

2. Condenser Hoses 

3. Thumb Screw 

4. Condenser/Oi] Cooler Assembly 


5. 


Remove the thumb screw then slide 
the condenser assembly out from the 
right-hand side of the tractor. 


INSPECTION AND REPAIR 


1. 


Inspect the condenser assembly fins 
for damage and ensure they are free 
from obstruction. 


Check the condenser assembly for 
signs of leakage. If damage or leaks 
are evident, install a new assembly. 
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Figure 31 
Condenser/Oil Cooler-TW-25 and TW-35 


1. Track 

2. Hydraulic Oil Hoses 
3. Thumb Screw 

4. Condenser Hoses 


INSTALLATION 


Installation of the condenser assembly fol- 
lows the removal procedure in reverse. On 
installation, observe the following require- 
ments: 


NOTE: /f a new condenser assembly is fit- 
ted, it is necessary to add refrigerant oil 
into the condenser, see “Refrigerant Oil 
Level”, and apply grease to the top guide 
rail attached to the condenser, see 
“Specifications”, Section C. 


@ Install new ‘O’ rings at the hose to 


condenser connections. 


NOTE: 7he ‘O’ rings should be soaked in 
refrigerant oil prior to installation. 


@ Tighten all hose couplings to the 
specified torque, see “Specifica- 
tions”, Section C. 
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Figure 32 
Self-Sealing Couplings 


1. Self-Sealing Coupling (High Pressure) 
2. Self-Sealing Coupling (Low Pressure) 
3. Self-Sealing Coupling to Bracket Retaining Nut 
4. Self-Sealing Coupling to Bracket Retaining Nut 


@ Tighten all retaining bolts to the 
specified torque, see “Specifica- 
tions”, Section C. 


Prior to running the air conditioner, 
evacuate and re-charge the system 
with Refrigerant R-12, see “Evacuat- 
ing the System” and “Charging the 
System”. 


SELF-SEALING COUPLINGS 


Self-sealing couplings are installed in the 
air conditioning lines to enable the tractor 
to be split without discharging the air con- 
ditioning system. 
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The self-sealing couplings facilitate:- DEHYDRATOR AND RECEIVER a 
ASSEMBLY ey 
@ Cab removal and replacement. 
REMOVAL 


@ Separation of the tractor between the 


engine and front transmission. NOTE: The dehydrator and receiver as- 


sembly may only be removed after the air 
conditioning system has been discharged, 
@ Separation of the tractor between the see “Discharging the System”. 
front transmission and the rear axle. 


With reference to Figure 33. 
The self-sealing couplings, Figure 32, one 


situated in the condenser to dehydrator 1. Fully discharge the air conditioning 

high pressure liquid line and the other in system. 

the evaporator to compressor line, are lo- 

cated adjacent to each other on a bracket 

installed on the left-hand side at the rear 

of the tractor. 2. Remove the cab roof retaining bolts 
then lift and prop up the cab roof. 


IMPORTANT: 7o separate the engine and 
front axle assembly, the air conditioning 3. Disconnect the dehydrator and re- 
system must be discharged. ceiver inlet and outlet couplings. 


Figure 33 


Dehydrator and Expansion Valve Assemblies 
1. Heater Inlet Hose 6. Temperature Sensing Bulb 
2. Evaporator Outlet Line 7. Evaporator Drain Tube 
3. Equaliser Tube 8. Dehydrator Inlet Tube 
4. Expansion Valve 9. Dehydrator Outlet Tube 


5. Capillary Tube 10. Evaporator Assembly 
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4. Withdraw the dehydrator and re- 
ceiver retaining bolts and remove the 
assembly. 


5. Cap or plug all exposed pipe ends. 


INSTALLATION 


Installation of the dehydrator and receiver 
assembly follows the removal procedure 
in reverse. On installation, observe the fol- 
lowing requirements:- 


NOTE: /f a new dehydrator and receiver 
is fitted, it is necessary to add new refriger- 
ant oil into the new assembly, see “Refri- 
gerant Oil Level”. 


@ Install new ‘O’ rings at the pipe con- 
nections. 


NOTE: 7he ‘O’ rings should be soaked in 
refrigerant oil prior to installation. 


@ Tighten all couplings to the specified 
torque, see “Specifications”, Section 
C. 


@ Prior to running the air conditioning 
system, evacuate and re-charge the 
system with Refrigerant R-12, see 
“Evacuating the System”, and 
“Charging the System”. 


EXPANSION VALVE ASSEMBLY © 


NOTE: 7he expansion valve assembly 
may only be removed after the air condt- 
tioning system has been discharged, see 
“Discharging the System”. 
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With reference to Figure 33. 


Fully discharge the air conditioning 
system. 


Shut off the heater valves at the en- 
gine. Clamp the heater hoses behind 
the hose retaining clips to prevent 
loss of coolant whilst releasing the 
hose retaining clips. Pull the hoses off 
the valves and drain the coolant into 
a suitable receptacle. 


Remove the cab roof retaining bolts 
then lift the cab roof and support on 
the prop. 


Withdraw the heater and evaporator 
housing cover retaining nuts and 
remove the cover. 


Release the heater hose retaining clip 
at the inlet tube of the heater and 
evaporator assembly, then pull the 
hose off the tube and through the side 
of the evaporator housing. Plug the 
exposed ends of the hoses and the 
heater and evaporator assembly. 


Remove the black tape from the 
evaporator outlet tubes. 


Remove the dehydrator and receiver 
assembly as previously described. 


Loosen the expansion valve outlet 
coupling. 


Release then withdraw the expansion 
valve equaliser tube from_ the 
evaporator outlet tube. 
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10. Release the expansion valve temper- 
ature sensing bulb retaining clamp 
bolt and withdraw the bulb from the 
evaporator outlet tube. 


NOTE: Handle the temperature sensing 
bulb and equaliser tube with extreme 
care; excessive bending and rough hand- 
ling can cause a break that will release 
gas, ruining the valve. 


11. Disconnect the expansion valve from 
the heater and evaporator assembly. 


12. Carefully withdraw the expansion 
valve forward and out of the roof. 


13. Cap or plug all exposed hose and pipe 
ends. 


14. With the expansion valve removed 
from the roof, release and withdraw 
the inlet pipe. 


INSTALLATION 


Installation of the expansion valve assem- 
bly follows the removal procedure in re- 
verse. On installation observe the follow- 
ing requirements: 


@ Ensure the temperature sensing bulb 
is in direct contact with’ the 
evaporator outlet tube and the retain- 
ing clamp bolt is tightened to the 
specified torque, see “Specifica- 
tions”, Section C. 


A? 


@ Wrap all outlet (suction) tubes from 


the evaporator and the temperature 
sensing bulb with tape to Ford 
Specification ESA-M99G50A. 


Install new ‘O’ rings at the expansion 
valve tube connections and the de- 
hydrator tube connections. 


NOTE: 7he ‘O’ rings should be soaked in 
refrigerant oil prior to installation. 


Install dehydrator and receiver as- 
sembly as previously described. 


Hose clips are to be positioned a 
minimum of 0.25 in. (6.5 mm) from 
the end of the hose and clips tight- 
ened to the correct torque, see 
“Specifications”, Section C. 


Hoses must be at least 0.12 in. (3 mm) 
clear of any sharp edges or corners. 


Tighten all couplings to the specified 
torque, see “Specifications”, Section 
C. 


Prior to running the air conditioner, 
evacuate and re-charge the system 
with Refrigerant R-12, see “Evacuat- 
ing the System” and “Charging the 
System”. 
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HEATER AND EVAPORATOR ASSEMBLY 


IMPORTANT: For models equipped with 
air conditioning, the evaporator and hea- 
ter are contained within a single assembly. 


REMOVAL 


NOTE: 7he heater and evaporator assem- 
bly can only be removed after the entire 
system has been discharged, see “Dis- 
charging the System”. 


With reference to Figure 34. 


1. 


Fully discharge the air conditioning 
system. 


Shut off the heater valves at the en- 
gine. Clamp the heater hose behind 
the hose retaining clips to prevent 
loss of coolant whilst releasing the 
hose retaining clips. Pull the hoses off 
the valves and drain the coolant into 
a suitable receptacle. 


Remove the cab roof retaining bolts 
then lift the cab roof and support on 
the prop. 


Withdraw the heater and evaporator 
housing cover retaining nuts and 
remove the cover. 


Release the heater hose retaining 
clips at the inlet and outlet tubes of 
the heater and evaporator assembly, 
then pull the hoses off. Plug the ex- 
posed ends of the hoses and the hea- 
ter and evaporator assembly. 


mt 
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Figure 34 
Heater and Evaporator Assembly 


1. Thermostatic Control Switch 

2. Heater and Evaporator Assembly 

3. Dehydrator and Receiver Assembly 

4. Blower Motor and Fan Assembly 

5. Heater Outlet Hose 

6. Heater Water Temperature Control Valve 


6. 


10. 


Remove the dehydrator and receiver 
assembly as previously described. 


Remove the black tape from around 
the evaporator outlet coupling and re- 
lease the coupling. 


Carefully withdraw the thermostatic 
switch capillary tube from _ the 
evaporator core. 


Remove the foam backed tape from 
around the evaporator housing. 


Remove the heater and evaporator re- 
taining bolts and lift the assembly 
with the expansion valve from the 
housing. 
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11. Remove the black tape from around 
the expansion valve and evaporator 


outlet pipe. 


12. Release then withdraw the expansion 
valve equaliser tube from_ the 
evaporator outlet tube. 

13. Release the expansion valve temper- 


ature sensing bulb retaining clamp 
bolt and withdraw the bulb from the 
evaporator. 


NOTE: Handle the temperature sensing 
bulb and equaliser tube with extreme 
care; excessive bending and rough handa- 
ling can cause a break that will release 
gas, ruining the valve. 


14. Release and withdraw the expansion 
valve inlet pipe. Release the valve out- 
let coupling and withdraw the expan- 
sion valve from the evaporator as- 
sembly. 


15. Cap or plug all exposed pipe and hose 


ends. 


INSPECTION AND REPAIR 


1. Inspect the heater and evaporator as- 
sembly fins for damage and ensure 
they are free from obstruction. 


2. Check the heater and evaporator as- 
sembly for signs of leakage. If dam- 
age or leaks are evident, install a new 
assembly. 
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INSTALLATION 


Installation of the heater and evaporator 
assembly follows the removal procedure 
in reverse. On installation, observe the fol- 
lowing requirements:- 


NOTE: /f a new heater and evaporator is 
fitted, it is necessary to add refrigerant oil 
into the new assembly, see “Refrigerant 
Oil Level”. 


@ Install the capillary tube 3.0 in. (76 
mm) into the evaporator core, 5.0 in. 
(127 mm) from the inlet side and 1.75 


in. (44 mm) up from the bottom. 


Wrap all outlet (suction) tubes from 
the evaporator and the temperature 
sensing bulb with tape to Ford 
Specification ESA-MS9G50A. 


Install new ‘O’ rings at the pipe and 
hose connections. 


NOTE: 7he ‘O’ rings should be soaked in 
refrigerant oll prior to installation. 


Install new foam backed tape around 
the edge of the heater and evaporator 
housing. 


Install the dehydrator and receiver as- 
sembly as previously described. 


Tighten all pipe and tube connections 
to the specified torque, see “Specifi- 
cations”, Section C. 
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@ Hose clips are to be positioned a 
minimum of 0.25 in. (6.5 mm) from 
the end of the hose and clips tight- 
ened to the correct torque, see 
“Specifications”, Section C. 


Hoses must be at least 0.12 in. (3 mm) 
clear of any sharp edges or corners. 


@ Tighten the retaining bolts to the 
specified torque, see “Specifica- 
tions”, Section C. 


Prior to running the air conditioner, 
evacuate and re-charge the system 
with Refrigerant R-12, see “Evacuat- 
ing the System” and “Charging the 
System”. 


C. AIR CONDITIONING SYSTEMS WITH DE-LUXE CAB— 
TROUBLE SHOOTING, SPECIFICATIONS AND SPECIAL TOOLS 


SYSTEM TROUBLE SHOOTING 


The most important factor to consider in 
air conditioning system trouble shooting 
is verification of the problem by observing 
the system operation. 


In most instances, complaints about un- 
satisfactory operation of an air condition- 
ing system will be 


(a) “NO COOLING” 

(b) “INSUFFICIENT COOLING” 
(c) “INTERMITTENT COOLING” 
(d) “NOISY SYSTEM” 


To assist in the diagnosis of the fault, de- 
termine under which of the headings the 
problem may be classified then check the 
system according to the relevant trouble 
shooting guide shown as follows: 


(a) NO COOLING FROM THE SYSTEM 


1. Broken refrigerant line. 


2. Leak in system. 


ABR 


3. Loose or defective drive belt. 
4. Blown fuse. | 
5. Broken or disconnected earth wire. 


6. Broken or disconnected electrical 
wire. 


7. Electric switch contacts in thermostat 
burned excessively or sensing ele- 
ment defective. 


8. Ignition switch or relay burned out. 


9. Clutch coil burned out or discon- 
nected. 


10. Compressor partially or completely 


frozen. 


11. Compressor reed valves inopera- 
tive—indicated by only slight varia- 
tions of both gauge readings at any 
engine speed. 

12. Compressor shaft seal leaking. 

13. Blower motor disconnected’ or 
burned out. 
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14. 


15. 


(b) 


10. 


Expansion valve stuck open—indi- 
cated by normal head pressure, high 
suction pressure and _ evaporator 
flooding. 


Clogged screen or screens in re- 
ceiver—dehydrator or expansion 
valve. 


Heater valve inoperative—indicated 
by hot water in heater and hot dis- 
charge air from evaporator. 


INSUFFICIENT COOLING FROM SYS- 
TEM 


Blower motor sluggish in operation. 


Obstructed blower discharge pas- 
sage. 


Insufficient air circulation over con- 
denser coils (fins clogged). 


Evaporator fins clogged. 
Compressor clutch slipping. 
Clogged air intake filter. 

Outside air vents open. 
Insufficient refrigerant in system. 


Clogged screen in expansion valve— 
indicated by gauge pressures being 
normal or showing slightly increased 
head pressure and low suction pres- 
sure with high discharge output 
temperature. 


Expansion valve thermal bulb has lost 
charge—indicated by too high a low 
gauge reading and excessive sweat- 
ing of evaporator and suction line. 


AG 


11. 


12. 


13. 


(c) 


6. 


Clogged screen in receiver—indi- 
cated by higher than normal reading 
on low pressure gauge and receiver 
and liquid lines cold to touch with 
possible frost. 


Excessive moisture in system—indi- 
cated by excessive head pressure 
gauge reading. 


Air in system—indicated by excessive 
head pressure and possibly bubbles 
in sight glass. 


Thermostat defective or improperly 
adjusted—indicated by low gauge 
reading high or clutch cycling at too 
high a reading. 


INTERMITTENT COOLING 


Defective blower switch or blower 
motor. 


Improper earthing or loose connec- 
tion in compressor clutch coil. 


Compressor clutch slipping. 


Unit icing up—may be caused by ex- 
cessive moisture in system, incorrect 
super heat adjustment in expansion 
valve or thermostat adjusted too low. 


Thermostat defective or improperly 
adjusted—indicated by low pressure 
gauge reading low or excessively 
high and adjustments will not correct. 


Evaporator fins clogged. 


% 
‘. ee 


es CHAPTER 4 iii 


(d) NOISY SYSTEM 


1. 


10. 


Loose panels on tractor. 


Noisy clutch. 


Loose or excessively worn drive belts. 


Compressor oil level low—body of 
compressor hot. 


Compressor noisy—loose mountings 
or worn inner parts. 


High pressure service valve closed— 
compressor has excessive knocking 
noise, high pressure gauge reads 
above normal. 


Excessive charge in system—rumbl- 
ing noise or vibration in high pressure 
line, thumping noise in compressor, 
excessive head pressure and suction 
pressure, bubbles or cloudiness in 
sight glass, or low head pressure. 


Low charge in system—hissing in 
evaporator case at expansion valve, 
bubbles or cloudiness in sight glass 
or low head pressure. 


Excessive moisture in system—ex- 
pansion valve noisy, suction pressure 
low. 


Blower fan noisy—excessive wear in 
motor. 


Aa“ 


To assist in determining why the air con- 
ditioning system is not operating at nor- 
mal efficiency, the following pages sum- 
marise the common causes of improper 
cooling and provide corrective procedures 
for each condition. | 


To determine which conditions apply to a 
particular complaint, conduct the diag- 
nosis procedure as follows: 


Diagnosis Procedure 


1. 


Connect the manifold gauge set, see 
“Manifold Gauge Set Connections”. 


Operate the air conditioner to 
stabilise the system, see “Stabilising 


the System”. 


Perform an operational test and com- 
pare actual gauge readings and indi- 
cations with those listed under “Con- 
ditions”. 


Note the trouble as listed under 
“Diagnosis” and make any additional 
tests as indicated. 


Perform all the repair procedures as 
indicated under “Correction”. 
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IMPORTANT: 7he high pressure gauge 
readings illustrated are for an ambient 
temperature of 35°C (95°F). If the temper- 
ature in the testing area is not the same, 
refer to the “PRESSURE TEMPERATURE 
RELATIONSHIP” chart, shown below, for 
equivalent readings. 


Test Conditions 
1. Tractor engine speed set at 1000— 
1200 rev/min. 


2. System fully charged. 


NOTE: Ambient air temperature readings 
are taken 50 mm (2 in.) in front of the con- 


denser. 


PRESSURE—TEMPERATURE RELATIONSHIP 


Evaporator Temperature Low Pressure Gauge Reading 


Ambient Air Temperature High Pressure Gauge Reading 
ae eee ee Ibffint | bar 


280-310 19.3-21.4 


NOTE: “Boxed” sections of charts indicate normal operating ranges. 
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NO COOLING 
LOW SIDE HIGH SIDE 
LOW LOW 


2. 


INSUFFICIENT COOLING 
LOW SIDE HIGH SIDE 
LOW LOW 


Condition 


1. 


Low side pressure too low. Gauge 
should read 15-30 Ibf/in? (1.03—2.07 
bar). 


2. High side pressure too low. Gauge 
should read 185-205 Ibf/in? (12.75—- 
14.12 bar). 

3. Bubbles in sight glass. 

4. Evaporator air not cold. 

Diagnosis 


System low on refrigerant. May be caused 
by small leak. 


Correction 


1. 


2. 


Leak test the system. 


Repair leaks. (Discharge the system, 
replace lines or components). 


Check compressor oil level. 
Evacuate the system. 
Charge the system. 


Performance test the system. 


AM 


Condition 


1. 


Low side pressure very low. Gauge 
should read 15-30 Ibf/in? (1.03—2.07 
bar). 


2. High side pressure too low. Gauge 
should read 185—205 Ibf/in? (12.75—- 
14.12 bar). 

3. No liquid or bubbles in sight glass. 
Evaporator air warm. 

Diagnosis 


System refrigerant is extremely low. A 
serious leak is indicated. 


Correction 


1. 


Leak test the system. 


NOTE: Give special attention to the com- 
pressor seal area. 


2. 
3. 
4. 


Discharge the system. 
Repair leaks. 


Check compressor oil level to assure 
no loss. 


Evacuate the system. 
Charge the system. 


Performance test the system. 
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3. INSUFFICIENT COOLING 
LOW SIDE HIGH SIDE 
NORMAL NORMAL 


Condition 


1. Low side pressure reading does not 
change. With a thermostatic control, 
pressure should drop until compres- 
sor cycles. 


2. High side pressure reading normal, 
but may range towards high. Should 
read 185-205 Ibffin? (12.75—-14.12 bar). 


3. Fewor no bubbles in sight glass. 


4. Evaporator air not cold. 
Diagnosis 


Non-condensables (air or moisture) pre- 
sent. System not fully charged. 


Correction 


1. Leak test the system. 


NOTE: Give special attention to the com- 
pressor Seal area. 


2. Discharge the system. 


3. Repair leaks. 

4. Replace the dehydrator and receiver. 

5. Check compressor oil level to assure 
no loss. 

6. Evacuate the system. 


7. Charge the system. 
Performance test the system. 


rA 


4. INSUFFICIENT COOLING 
LOW SIDE HIGH SIDE 
HIGH LOW 


Condition 


1. Low side pressure reading too high. 
Should read 15-30 Ibf/in? (1.03—2.07 
bar). 


2. High side pressure reading too low. 
Should read 185-205 Ibf/in? (12.75—- 
14.12 bar). 


3. No bubbles in sight glass (system 
fully charged). 

4. Evaporator air not cold. 

Diagnosis 


Internal leak in compressor caused by reed 
valves leaking. Worn or scored pistons, 
rings or cylinders. 


Correction 


1. Discharge system—Disconnect and 
remove compressor, see “Compres- 
sor Removal”. 


Replace the compressor. 
Adjust compressor oil level. 
Evacuate the system. 


Charge the system. 


On fk WN 


Performance test the system. 
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5. INSUFFICIENT OR NO COOLING Correction 
ENGINE OVERHEATS IN SOME 


CASES 1. 
LOW SIDE HIGH SIDE 
HIGH HIGH 
2. 
Ss 
4. 
Condition 
1. Low side pressure reading too high. 
Should read 15-30 Ibf/in? (1.03—2.07 
bar). 
2. High side pressure reading too high. 
Should read 185-205 Ibf/in? (12.75— 
14.12 bar). 
3. Bubbles in sight glass occasionally. 
5. 
4. Liquid line hot. 
6. 
5. Evaporator air warm. 
Diagnosis /. 


Lack of cooling caused by too high pres- 8. 


sure on high side resulting from improper 
Operation of condenser. (Refrigerant 


charge may be normal or excessive). 9, 


Check belt tension. Loose or worn 
drive belt could cause excessive pres- 
sures in the compressor head. 


Look for clogged passages between 
the fins and coil of the condenser, or 
other obstructions that could reduce 
the air flow through the condenser. 


If engine overheating is a sympton 
check the radiator fan and pressure 
cap for proper operation. 

(At this point, operate the system and 
check it’s performance; if still unsatis- 
factory, proceed as follows.) 


Check for overcharge of refrigerant 
and correct as follows: 


(a) Discharge refrigerant until bub- 
bles appear in sight glass and 
both gauge readings drop below 
normal. 


(b) Add new refrigerant until bub- 
bles disappear and gauge read- 
ings are normal. Then, add (4-8 
oz) (100-200 gms.) refrigerant. 
(Operate the system and recheck 
the performance; if the gauge 
readings are still too high, pro- 
ceed as follows). 


Discharge the system. 


Remove the condenser, and clean 
and flush it to ensure a free flow of 
refrigerant, or, if the condenser ap- 
pears to be unduly dirty or plugged, 
renew it. 


Renew the dehydrator and receiver. 
Evacuate and recharge the system. 


Performance test the system. 
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6. INSUFFICIENT COOLING DURING 
HOTTEST PART OF HOT DAYS 
LOW SIDE HIGH SIDE 
NORMAL NORMAL 


UT | 


Ta 


BZ 


Condition 


1. Low side pressure reading is normal 
15-30 Ibf/in? (1.03-2.07 bar) but it 
drops to a vacuum reading during 
testing. 


2. High side pressure reading is normal, 
approximately 205 Ibf/in? (14.12 bar) 
but it drops when low side reading 
shows a vacuum. 


3. Tiny bubbles in sight glass. 


4. Evaporator air is sufficiently cold until 
low side pressure gauge shows a vac- 
uum reading, then it becomes warm. 

Diagnosis 


Excessive moisture in system. Drying 
agent in dehydrator and receiver is satu- 
rated, and releases moisture during high 
outside air temperatures. This moisture 
collects and freezes in the expansion 
valve, thus preventing a flow of refrigerant 
through the evaporator. 


Correction 


Discharge the system. 

Renew the dehydrator and receiver. 
Evacuate the system. 

Charge the system. 

Performance test the system. 


a oN 
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7. INSUFFICIENT OR NO COOLING 


LOW SIDE 
HIGH 


HIGH SIDE 
HIGH 


Condition 


1. Low side pressure too high. Should 
read 15-30 Ibf/in? (1.03—2.07 bar). 


2. High side pressure too high. Should 
read 185-205 Ibf/in? (12.75-14.12 
bar). 


3. Occasional bubbles in sight glass. 


Evaporator air not cold. 


Diagnosis 


Air in system. This and the moisture in the 
air is contaminating the refrigerant, caus- 
ing the system to operate improperly. 


Correction 


Discharge the system. 

Renew the dehydrator and receiver. 
Evacuate the system. 

Charge the system. 

Performance test the system 


PWN > 
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8. INSUFFICIENT OR NO COOLING 


HIGH SIDE 
HIGH 


LOW SIDE 
HIGH 


Condition 


1. Low side pressure too high. Should 
read 15-30 Ibf/in? (1.03—2.07 bar). 


2. High side pressure too high. Should 
read 185—205 Ibf/in? (12.75-14.12 bar). 


3. Evaporator air warm. 


4. Evaporator and suction hose (to com- 
pressor) surfaces show considerable 
moisture. 


Diagnosis 


Externally equalised thermostatic expan- 
sion valve is allowing too much refrigerant 
to flow through the evaporator coils. Valve 
may be stuck open, or temperature sens- 
ing bulb may be mounted incorrectly. 


£2 


Correction 


1. 


Check for sticking expansion valve or 
incorrect mounting of temperature 
sensing bulb: © 


(a) Operate the system at maximum 
cooling. 

(b) Spray refrigerant on head of ex- 
pansion valve and/or tempera- 
ture sensing bulb. 

(c) Check low side gauge. It should 


show a vacuum reading. 


If the test (above) shows that the ex- 
pansion valve operation is satisfac- 
tory, proceed as follows: 


(a) Clean the surface of the 
evaporator outlet pipe and the 
temperature sensing bulb, and 
clamp the bulb to the pipe. 

(b) Operate the system and check 


performance. 


If test indicates that the expansion 
valve is defective, proceed as follows: 


(a) 


Discharge the system. 


(b) Renew the expansion valve. 


(c) 


Evacuate the system. 


(d) Charge the system. 


(e) 


Performance test the system. 
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9. INSUFFICIENT COOLING Correction 
LOW SIDE HIGH SIDE 1. Place finger on expansion valve inlet. 
LOW LOW If cold to touch, proceed as follows: 


(a) Operate system at maximum 
cooling. 


(b) Spray refrigerant on head of 
valve and/or temperature sens- 
ing bulb. 


(c) Check low side gauge. It should 
show a vacuum reading. 


2. If the test (above) shows that the ex- 
pansion valve is operating satisfac- 
torily, clean the surface of the 


Condition evaporator outlet pipe and the temp- 
erature sensing bulb, and clamp the 
1. Low side gauge reading too low. bulb to the pipe. 
Should read (15-30 Ibf/in?) (1.03—2.07 
bar). 


3. If Step 1 indicates the valve is defec- 
tive or if the valve inlet surface shows 
frost or heavy moisture, proceed as 


2. High side pressure too low. Should follows: | 
read (185-205 Ibff/in?) (12.75-14.12 
bar). 


(a) Discharge the system. 


3. Evaporator air cool, but not suffi- (b) Renew the expansion valve. 
ciently cold. 


4. After performing Step 3 above, pro- 
ceed as follows: 
4. Expansion valve inlet pipe surface 
shows considerable moisture or frost. 
(a) Make sure temperature sensing 
valve is properly mounted on the 
evaporator outlet pipe. 


Diagnosis 
(b) Evacuate the system. 
Expansion valve is not permitting a suffi- 
cient flow of refrigerant. Causes include: 
Valve stuck in restricted or closed position, (c) Charge the system. 
valve screen clogged, or insufficient 
amount of refrigerant in temperature 
sensing bulb. 5. Performance test the system. 
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10. INSUFFICIENT COOLING 


HIGH SIDE 
HIGH 


LOW SIDE 
LOW 


11. 


COMPRESSOR CYCLES (CUTS IN 
AND OUT) TOO RAPIDLY 
LOW SIDE 


HIGH 


HIGH SIDE 
NORMAL 


Condition 


1. Low side pressure too low. Should 
read 15-30 Ibf/in* (1.03-2.07 bar). 


2. High side pressure too high. Should 
read 185-205 Ibf/in* (12.75-14.12 bar). 


Diagnosis 

There is a restriction in the liquid line and/ 
or dehydrator and receiver resulting tn a 
“starved” evaporator (compressor remov- 


ing refrigerant from the evaporator faster 
than it can enter). 


Correction 

1. Discharge the system. 

2. Renew the liquid lines, dehydrator 
and receiver, or other obstructed 
components. 

3. Evacuate the system. 


4. Charge the system. 


5. Performance test the system. 


RR 


Condition 


1. Low die pressure readings incorrect 
during ON and OFF compressor cy- 
cles or range between cycles incor- 
rect. Readings should be: 


12-15 Ibf/in* (0.83—1.03 bar) 
cycle OFF 

36-39 Ibf/in? (2.48—-2.69 bar) 
cycle ON 

24-28 Ibf/in? (1.66—2.69 bar) 
range between cycles. 


2. High side pressure normal. Should 
read 185-205 Ibf/in? (12.75—-14.12 bar). 


Diagnosis 
Thermostatic switch ts defective. 


Correction 
1. Stop the engine and shut off air con- 
ditioning system. 


2. Renew the thermostatic switch and 
ensure the capillary tube Is installed 
in the correct position within the 
evaporator core. 


CAUTION: The capillary tube is filled with 
refrigerant under pressure. Do not kink the 
capillary tube or bend it too sharply. 


3. Performance test the system and 
check the compressor cycles cor- 
rectly. 
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COMPRESSOR: 
Type 
Displacement 
Operating Speed 
Operating Pressure 


Pressure Relief 
Magnetic Clutch Air Gap 


REFRIGERANT: 
Type 


Capacity 


REFRIGERANT OIL: 
Type 


Viscosity 
Capacity (New) 


COMPRESSOR DRIVE BELT: 
Tension -—Initial 
— After Running Re-set to 
Deflection 


THREAD SEALANT: 
Compressor clutch pulley 
securing nut 


LUBRICANT: 
Bar attached to top of 
condenser 


INSULATING TAPE: 
Evaporator outlet tubes 
(suction) outside the housing 


ee 


SPECIFICATIONS 


4 cylinder radial design 

9.8 in.2 (161 cm?) 

1000—6000 rev./min. 

300 Ibf/in? (20.67 bar) max. discharge 
20 Ibf/in? (1.38 bar) min. suction 

450 Ibf/in? (31.0 bar) 

0.010—0.040 in. (0.25—1.0 mm) 


To Ford Specification — 
ESA-M17B2-A (R-12) 
4.0 lb (1.81 kg) 


To Ford Specification — 
ESA-M2C31-A 

500 

8.4 fl.oz. (239 cc) 


150—180 Ibf (667-801 N) 
100—140 Ibf (445-623 N) 
0.26 in. (6.5 mm) 


To Ford Specification — 
ESE-M4G204-A2 (Loctite 242) 


Grease to Ford Specification — 
ESN-M1C137-B or ESA-MIC75-B 


To Ford Specification — 
ESA-M99G50-A 


TORQUE SPECIFICATIONS 


Compressor Mounting Bracket Retaining Bolts 


Compressor Mounting Bracket Pivot Bolt 


Compressor to Mounting Bracket Retaining Bolts 


Compressor Clutch Hub Retaining Nut 


Compressor Clutch Pulley Retaining Nut 


Compressor Clutch Hub Cover Plate Retaining 
Screws 


Compressor Inlet (Suction) Hose Connector 


Compressor Outlet (Discharge) Hose 
Connector 


Self-Sealing Coupling (High Pressure) 


Self-Sealing Coupling (Low Pressure) 


Self-Sealing Coupling to Bracket Retaining Nuts 


Hose Connector at Sight Glass 


Condenser to Mounting Bracket Retaining Bolts 


Condenser Mounting Bracket Thumb Screw 


Condenser Inlet Hose Connection 


Condenser Outlet Hose Connection 


Hose Clamps at Radiator Retaining Bolts 


Hose Clamps at Side Frame Retaining Bolts 


Hose Clamps at Condenser Inlet and 
Outlet Connections Retaining Bolts 


Dehydrator Mounting Bracket Retaining Bolts 


Dehydrator Inlet and Outlet Couplings 


Evaporator Mounting Bracket Retaining Bolts 


Evaporator to Mounting Bracket Retaining Bolts 


Evaporator Housing Cover Retaining Nuts 


Evaporator Outlet Tube to Outlet Coupling 


Expansion Valve Outlet Coupling 


Expansion Valve Inlet Coupling 


Expansion Valve Equalising Tube Coupling 


Expansion Valve Sensing Bulb Retaining 
Retaining Clamp Bolt 


Heater Hose Retaining Clamps 


Thermostatic Switch Retaining Nut 
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SPECIAL TOOLS 


DESCRIPTION NUDAY ROBINAIR CHURCHILL 
TOOL No. TOOL No. TOOL No. 
Vacuum Pump 


Gauge Manifold Set 
Thermometer 


Refrigerant Dispensing Can Valve 


Electronic Leak Detector 


Propane Torch Leak Detector* 


Clutch Spanner Wrench 


Seal Seat Remover/Installer 
Ceramic Seal Remover/Installer 


‘O’ Ring Sleeve 


Snapring Installer 
Clutch Hub Remover 


Pedestal Nut Remover/Installer 


Puller 
Shaft Protector 
Shaft Seal Protector 


*NOTE: TJhe propane torch leak detector may not be approved for use in certain locations. 
Check local safety regulations. 
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Chapter 5 
CAB HEATING SYSTEM — 
TRACTORS POST NOVEMBER 1985 


Section Page 
A. HEATING SYSTEM WITH DE-LUXE CAB— DESCRIPTION 
AND OPERATION 1 
B. HEATING SYSTEM WITH DE-LUXE CAB—OVERHAUL 3 
C. HEATINGSYSTEM WITH DE-LUXE CAB—TROUBLE 
SHOOTING AND SPECIFICATIONS 8 


A. HEATING SYSTEM WITH DE-LUXE CAB—DESCRIPTION AND OPERATION 


The cab heating system for Ford tractors 
with de-luxe cabs, improves the comfort 
and health of the operator by providing 


warmth, cleanliness and circulation of the 


air within the cab. 


The tractor heating system, Figure 1, con- 
sists of a radiator type tank (heater) which 
is located in the cab roof and intercon- 
nected with the engine coolant system by 
hoses. 


The hoses are routed from the engine 
under the right-hand side of the cab then 
upwards within the cab centre pillar to the 
roof. 


Hot water from the engine cylinder head 
flows within a hose (identified with a red 
or white stripe) to the cab roof then passes 
through a control valve before circulating 
through the heater matrix. 
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Figure 1 
Cab Heating System 


1. Blower Motor and Fan Assembly 
2. Louvred Outlet 

3. Heater Water Control Valve 

4. Heater Water Control! Valve 


The coolant returns via a hose (identified 
with a yellow or blue stripe) connected to 
the engine at the thermostat housing. 


Heater Assembly 


The heater assembly consists of a number 
of turns of continuous coil mounted in a 
series of thin cooling fins to provide a 
maximum amount of heat transfer in a 
minimum amount of space. 


Air Flow Louvres 


The three louvres may be independently 
adjusted, as required, to direct warm or 
cold air onto the windscreen and side win- 
dows or to the cab interior, as required. 


5. Heater Hose Assemblies 

6. Heater Water Temperature Control Valve 
7. Air Filter Assemblies 

8. Heater Assembly 


Each louvre is provided with a deflector 
that may be extended to permit greater 
directional control of the air flow. To ex- 
tend the deflector, pull down the lug prot- 
ruding from the front edge of the louvre. 


Heater Water Control Valves 


The hose to engine connections feature 
control valves to isolate the heating sys- 
tem in hot weather conditions. The front 
valve is located in the thermostat housing 
and the rear valve in the engine cylinder 
head. 
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Blower Motor and Fan Assembly 


A three-speed blower motor and dual fan 
assembly is located in the heater housing. 
Turn the switch clockwise to the first pos- 
ition for slow speed. Further rotation of 
the switch selects medium and fast 
speeds. 


NOTE: When the cab windows are closed, 
the blower may be used to pressurise the 
cab to exclude dust. For maximum pres- 
surisation and optimum dust exclusion, 
operate with the roof vent closed. 


Heater Air Control Vent 


The heater, which is of the fresh-air type, 
may also be used with recirculated air 
within the cab for a faster warm-up. The 
- air control vent, when closed, allows the 
blower to draw in filtered fresh air from 
outside the cab. Open the vent by pushing 
upwards to allow air within the cab to re- 
circulate through the heater. 


Heater Water Temperature Control Valve 


The roof mounted temperature control 
valve should be turned clockwise to in- 
crease the temperature of the air from the 
heater. Turn the control fully counter- 
clockwise to obtain unheated air from the 
louvred outlets. 


Cab Aijr Filters 


Two filters are fitted, one each side of the 
cab roof. The filter ele ments are made of 
specially treated paper with a rubber sea- 
ling strip bonded to the outer edges. Air 
is drawn through the filter retaining cover 
on the underside of the cab roof before 
passing through the filters. 


B. HEATING SYSTEM WITH DE-LUXE CAB—OVERHAUL 


HEATER ASSEMBLY 


IMPORTANT: For models equipped with 
air conditioning, the evaporator and hea- 
ter are contained within a single assembly. 
For overhaul, see “AIR CONDITIONING”, 
Part 13, Chapter 4. 


REMOVAL 
With reference to Figure 2. 


1. Turn the heater water control valves 
off at the engine. Crimp the heater 
hoses behind the hose retaining clips 
to prevent loss of coolant whilst re- 
leasing the hose retaining clips. Pull 
the hoses off the valves and drain the 
coolant into a suitable receptacle. 


2. Remove the cab roof retaining bolts 
then lift and prop up the cab roof. 


3. Withdraw the retaining nuts and 
remove the heater blower housing 
cover. 


4. Release the heater hose to heater 
matrix retaining clips then pull the 
hoses off the heater matrix inlet and 
outlet tubes. 
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Figure 2 
Cab Roof Mounted Heating Components 


1. Heater Assembly 

2. Heater Inlet Hose 

3. Left-Hand Fan Housing 
4. Blower Motor Assembly 
5. Right-Hand Fan Housing 


5. Remove the heater matrix retaining 
bolts then lift and withdraw the as- 
sembly from the housing. 


6. Cap or plug all exposed hose and pipe 
ends. 


INSPECTION AND REPAIR 


1. Inspect the heater assembly fins for 
damage and ensure they are free 
from obstruction. 


2. Check the heater assembly for signs 
of leakage. If damage or leaks are evi- 
dent, install a new assembly. 


6. Heater Outlet Hose 
7. Heater Harness Assembly 
8. Water Temperature Control Valve 
9. Blower Control! Switch 
10. Wiper Motor Control Switch 


INSTALLATION 


Installation of the heater assembly follows 
the removal procedure in reverse. On in- 
stallation, observe the following require- 
ments:- 


@ Tighten all bolts to the correct torque, 
see “Specifications”, Section C. 


@ Hose clips are to be positioned a 
minimum of 0.25 in. (6.5 mm) from 
the end of the hose and clips tight- 
ened to the correct torque, see 
“Specifications”, Section C. 


@ Hoses must be at least 0.12 in. (3 mm) 
clear of any sharp edges or corners. 


BLOWER MOTOR AND FAN ASSEMBLY 
REMOVAL 
1. Disconnect the battery. 


2. Remove the roof retaining bolts then | 
raise and prop up the cab roof. 


3. Withdraw the retaining bolts and re- 
move the heater housing cover. 


4. Disconnect the harness from the 
blower motor. 


Figure 3 
Heater Blower Motor and Fan Assembly 


5. Withdraw the retaining nuts and - ial rousing 
washers and pull the blower motor 3. Motor 
and fan assembly from the housing. 4. Fan Hub Retaining Screw 
5. Harness Connector 
6. Motor Support Bracket 


DISASSEMBLY INSPECTION AND REPAIR 
1. Clean the fan blades and housing with 


With reference to Figure 3. a damp, lint-free cloth. 


1. Invert the blower motor and fan as- 
sembly then insert an hexagonal key 
between the fan blades and slacken 2. Inspect the fan blades for damage. If 
the fan hub retaining screws. bent, the blades may be straightened, 
but renew if broken. 


2. Withdraw the fan outer end cover re- 


taining screws then remove the cov- 3. Ensure the fan drive shafts are 
ers and extract the fans through the straight and free to revolve. 
fan housing. 
RE-ASSEMBLY 
3. Remove the four retaining nuts from 
one of the motor support brackets Re-assembly of the blower motor and fan 
and withdraw the support. asembly tollows the disassembly proce- 


dure in reverse. On re-assembly, observe 
the following requirements: 


4. Remove the two retaining nuts secur- 
ing the motor to the remaining brac- 
ket then carefully extract the motor @ Ensure that the fans are positioned 
through the fan housing. centrally. 
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@ Apply sealant to the hub retaining 
screws prior to tightening, see 
“Specifications”, Section C, and 
tighten the screw flush with the collar. 


INSTALLATION 


Installation of the blower motor and fan 
assembly follows the removal procedure 
in reverse. On installation, tighten all bolts 
to the correct torque, see “Specifications”, 
Section C. 


CAB AIR FILTERS 
REMOVAL 


Before servicing the filters, switch off the 
blower motor and close all windows, 
escape hatch and one door. Rapidly open 
and close the second door so that the 
resultant back pressure dislodges loose 
dirt from the underside of the filters. 


NOTE: /n humid conditions, such as occur 
on most early mornings, do not switch on 
the blower prior to servicing the filter. 
Damp particles drawn into the filter may 
solidify and prove difficult to remove with- 
out washing. 


1. Unscrew the retaining knob and re- 
move the cover and the attached filter 
element, taking care not to damage 
the element. 


2. Clean the elements by blowing with 
compressed air from the clean side 
through to the dirty side. The com- 
pressed air should not exceed 30 Ibf/ 
in? (2 bar) and the air line nozzle 
should be at least 12 in. (300 mm) 
from the element. 


3. If heavily contaminated, soak the filter 
elements for 15 minutes in warm 
water containing a little mild deter- 
gent. Rinse each element under 
gently running water, allowing the 
water to run through each element 
from the outlet (clean) side to the inlet 
(dirty) side. Shake off the excess 
water and allow to dry naturally with 
the outlet (clean) side downwards. 


IMPORTANT: Do not attempt to dry the 
element with compressed air or install be- 
fore thoroughly dry as it may rupture. It 
is recommended that new elements are 
installed and the washed elements re- 
tained for installation at the next service 
or overhaul. 


4. Renew any element which appears to 
be dirty after washing or if pin holes 
can be seen through the element 
when held up to a strong light. 


5. Clean both filter chambers with a 
damp, lint-free cloth. 


INSTALLATION 


Installation of the cab air filters follows the 
removal procedure in reverse. Ensure the 
elements are installed with the seal facing 
downwards. 


HEATER WATER CONTROL VALVES 
REMOVAL 


1. Drain the engine of coolant into a suit- 
able receptacle. 


2. Release the heater hose retaining 
clips then pull the hoses off the con- 
trol valves. 
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3. Plug or cap the exposed hose ends. 


4. Unscrew the control valves from the 
tee connectors. 


INSTALLATION 


Installation of the heater water control 
valve follows the removal procedure in re- 
verse. On installation, observe the follow- 
ing requirements: 


@ Coat the control valve threads with 
specified sealer, see “Specifications”, 
Section C. 


@ Open the control valves by turning 
the valve handles fully counter- 
clockwise, then install the rear valve 
in the tee connector at the manifold 
and tighten to the specified torque, 
see “Specifications”, Section C. 
Further tighten the valve to approxi- 
mately the 8 o’clock position. 


@ Install the front valve in the tee con- 
nector at the thermostat housing and 
tighten to the specified torque, see 
“Specifications”, Section C. Further 


tighten the valve to approximately 6 


o'clock position. 


NOTE: /f the torque required to attain 
the correct position of the valves ex- 
ceeds 45 Ibf/ft (671 Nm}, remove and 
replace with another valve which will 
allow the correct position to be at- 
tained without exceeding the torque 
limit. 


@ Hose clips are to be positioned a 
minimum of 0.25 in. (6.5 mm) from 
the end of the hose and the clips tight- 
ened to the correct torque, see 
“Specifications”, Section C. 


@ Hoses must be at least 0.12 in. (3 mm) 


clear of any sharp edges or corners. 


HEATER WATER TEMPERATURE 
CONTROL VALVE 


REMOVAL 


1. 


Turn the control valves off at the en- 
gine. Crimp the heater hoses behind 
the hose retaining clips to prevent 
loss of coolant whilst releasing the 
hose retaining clips. Pull the hoses off 
the valves and drain the coolant into 
a suitable receptacle. Cap or plug ex- 
posed hoses and control valves. 


Remove the roof retaining bolts then 
lift and prop up the cab roof. 


Withdraw the retaining nuts and 
remove the heater blower housing 
cover. 


Release the heater hose to tempera- 
ture control valve retaining clips then 
pull the hoses off the control valve. 
Cap or plug the hose ends. 


Pull off all control switch knobs from 
within the cab. 


Withdraw the retaining screws and 
remove the switch mounting bezel. 


Withdraw the retaining screws and 
washers and remove the control 
valve and spacers. 
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INSTALLATION 


Installation of the heater water tempera- 
ture control valve follows the removal pro- 
cedure in reverse. On installation, observe 
the following requirements: 


@ Tighten all bolts to the correct torque, 
see “Specifications”, Section C. 


@ Hose clips are to be positioned a 
minimum of 0.25 in. (6.5 mm) from 
the end of the hose and the clips tight- 
ened to the correct torque, see 
“Specifications”, Section C. 


@ Hoses must be at least 0.12 in.(3 mm) 
clear of any sharp edges or corners. 


BLOWER CONTROL SWITCH 
REMOVAL 


1. Disconnect battery. 


2. Pull off all control switch knobs from 
within the cab. 


3. Withdraw the retaining screws and 
washers and remove the_ switch 
mounting bezel. 


4. Push open roof air vent and discon- 
nect electrical harness from blower 
switch. 


5. Remove the locknut and washer and 
withdraw the blower switch through 
the open air vent. 


INSTALLATION 


Installation of the blower control switch 
follows the removal procedure in reverse. 
On installation, ensure all screws and nuts 
are tightened to the correct torque, see 
“Specifications”, Section C. 


C. HEATING SYSTEM WITH DE-LUXE CAB—TROUBLE 
SHOOTING AND SPECIFICATIONS 


SYSTEM TROUBLE SHOOTING 


IMPORTANT: Whenever effecting a repair, 
the reason for the cause of the problem 
must be investigated and corrected to 
avoid repeat failures. 


PROBLEM 


No heating 
from the 
system 


1. Heater control valves 
closed 


closed or blocked 
3. Broken hose 


POSSIBLE CAUSES REMEDY 


2. Cabrooflouvred outlets 


The following table lists problems and 
their possible causes with recommended 
remedial action. 


1. Open heater control valves 
at engine 

2. Ensure outlets are open and 
unobstructed 

3. Renew faulty hose 
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TROUBLE SHOOTING (Continued) 


PROBLEM POSSIBLE CAUSES REMEDY 


No heating . Blocked hose . Flush out hose 
from the . Leakinsystem . Tighten all connections and 
system renew faulty components 
(cont.) . Temperature control valve . Renew faulty valve 
stuck 
Heater matrixblocked | . Clear matrix of obstruction 
Blown blower motor fuse . Investigate cause and renew 
fuse 
Heater blower motor . Re-connect or renew 
disconnected or burned out faulty unit | 
Blower motor switch . Renew faulty switch 
Broken or disconnected . Repair broken joint, re-connect 
wire wires or renew faulty harness 
Key-start switch or relay . Renew faulty components 
burned out 
Heater blower fans loose . Tighten fan hub screws and 
orjammed ensure fans free to revolve. 
Renew damaged fans and 
check blower motor operation 


Insufficient . Heatercontrol valves . Fully open heater control 
heating from partially closed valves at engine 
system . Cabrooflouvred outlets . Ensure outlets are open and 
partially closed or blocked unobstructed 
Leak insystem . Tightenall connections and 
renew faulty components 
Temperature control valve . Renew faulty valve 
stuck 
Heater matrix blocked . Clear matrix of obstruction 
Blower motor switch . Renew faulty switch 
Heater blower fans loose . Tightenfan hub screws and 
ensure fans free to revolve 


SPECIFICATIONS 
SEALANT 
Heater Water Control Valve To Ford Specification— 
ESE-M4G194-B (Loctite 572/5) 
Blower Motor Fan Hub Retaining Screw To Ford Specification— 


ESE-M4G204-A2 (Loctite 242) 
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TORQUE SPECIFICATIONS 


Heater Hose Retaining Clamps 
Heater Water Control Valve and Elbow 


Heater Water Temperature Control 
Valve Retaining Screws 


Heater Matrix to Bracket Retaining Bolts 


Heater Matrix Bracket Retaining Bolts 


Blower Motor and Fan Retaining Nuts 


Blower Control Switch Locknut 


10 


40000580 ——tisi3/94 Printed in U.S.A. 


